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PREFACE TO THE FIRST EDITION 

For the past ten years it has been a part of the writer's duties 

) give instruction in microscopical technique, and it has seemed 

I him that there is need for a series of practical exercises which 

Hwill serve to guide the beginner through the maze of present-day 

lethods, with the greatest economy of time, by drilling him in a 

tew which arc thoroughly fundamental and standard. The book 

I intended primarily for the beginner and gives more attention to 

Iftbe details of procedure than to discriminations between reagents 

■fir the review of epecial processes. The student is told what to do 

nth his material, step by st«p, and why he does it; at what stages 

i is likely to encounter difficulties and how to avoid them; if his 

reparation is defective, what the probable cause is and the remedy. 

1 short, the book attempts to familiarize tbe student with the little 

^tricks" of technique which are commonly left out of books on 

lethods but which mean everythir^ in securing good results. 

A very brief, non-technical account of the principles of the micro- 
^ BCope is inserted (Appendix A) with the idea of giving the student 
r just enough of the theoretical side of microscopy to enable him to get 
8atisfactor>' results from his microscope. The microscope is so ably 
treated in the excellent works of Gage (The Microscope) and Car- 
penter {The Microscope and Its Revelations) that the writer feela 
..himself absolved from any further responsibility in this matter. 

The aim of the entire book is to be practical: to omit everything 
I not essential; and, above all, to give definite statements 
nbout things. Appended to each chapter is a series of memoranda 
jrve to supply additional information that is more or less 
Krtinent without obscuring the main features of the method under 
lonside ration. 

In Appendix B the formulae for a number of the most widely 
i reagents are given with comments upon their uses and manipu- 
btion. Following this (Appendix C) is a concise table of a large 



number of tissues and organs with directions for properly pre- 
paring them for microscopical study. 

Inasmuch as every experienced worker has his own "best" 
method for the preparation of almost any tissue, it is manifestly 
impossible to give all "best methods" in such a table. The writer 
believes, however, that the student will find the methods recom- 
mended all good ones which will yield satisfactory results. 

In Appendix D some directions are given for collecting and 
preparing material for an elementary course in zoology. 

It is hoped that the volume will prove of use: (1) as a class 
textbook; (2) as a guide to the independent individual worker 
(teacher, physician, college or medical student, or novice); (3) as 
a reference book for teachers, in the preparation of material for 
courses in elementary zoology, histology, or embryology. 

In the matter of expressing his obligations the writer is at a 
loss to know just what to do. Many of the methods in microscopi- 
cal technique have been handed down tradition- wise from one worker 
to another until their origin is unknown; they are the accumulated 
experiences of several generations of workers. Furthermore, many 
points have been absorbed, as it were, by the writer, from fellow- 
workers in the Universities of Chicago, Nebraska, and Cincinnati, 
respectively; consequently the obligation cannot be specifically 
expressed. Where the name of the originator of a method is known, 
due credit has been given. The books to which the author is most 
heavily indebted are the volumes of Gage and Carpenter, already 
mentioned, Lee's Microlomist's Vade-Mecum, Whitman's Methods 
in Microscopical Anatomy and EmbTyology, Hardesty's Neurological 
Technique, Foster and Balfour's Elements of Embryology, Minot's 
Laboratory Text-book of Embryology. Huber's translation of the 
BShm-Davidoff Text-book of Histology, Stohr's Text-hook of Histology, 
Mallory and Wright's Pathological Technique, Bausch's Manipu- 
lation of the Microscope, and the Journal of Applied Microscopy. 
Grateful acknowledgment is also made to the various manufacturers 
of microscopical instruments and appliances for the loan of most of 
the cuts which have been used in this volume. 

M. F. G. 




PREFACE TO THE SECOND EDITION 

The favorable reception accorded the firat edition of Animal 
]iicrology has encouraged the author to believe that a second edition, 
incorporating some of the many new methods which have appeared 
5 the past ten years, would be equally welcome. The general 
pplan of the book has not been altered (see Preface to the First Edi- 
tion, on a preceding page), although changes have been made on 
nearly every page, many sections have been entirely rewritten, and 
two new chapters, one on "Cytological Methods," the other on 
"Drawing," have been added. The chapter on drawing has been 
prepared by Dr. Elizabeth A. Smith. 

In spite of a determined effort to limit the book to its former size, 
it has expanded by over fifty pages. For every method dropped 
there seemed to be a host of good new ones demanding recognition. 

I These in the nrnin, however, have been left to the encyclopedia and 
the various technical books and journals listed at the end of the 
|p>lume. As in the first edition, the policy has been, not to attempt 
to give all "best" methods, but rather to select representative good 
Ones which have proved their worth by satisfactory tests in American 
laboratories. 

Whatever merit the new edition may prove to have over that of 
the earlier one is due in no small measure to the many helpful sugges- 
tions of my colleagues in other colleges and universities. I am 
particularly indebted in this respect to Professors C. E. McClung, 
R. R. Bensley, H. McE. Knower, F. L. Landacre, F. C. Waite, 
B. M. Allen, George R. La Rue, Edward L. Rice, F. D. Barker, 
I R. M. Strong, and H. L. Wientan, and to Doctors Elizabeth A. Smith 
l.yad C. H. Heuser. 

M. F. G. 
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INTRODUCTORY 
APPARATUS AND SUPPLIES REQUIRED 

The student should provide himself with the following supplies: 

One half-gross box best grade glass slides, standard size (25X75 mm.). 
" One-half ounce, 18 mm. or f in., round cover-glasses, medium tliickness, 

(0.18 mm.). 
Thirty 25X50 mm. cover-glasses, medium thickness. 
Two or three Pillsbury sHde boxes (Fig. 1). 
One box of labels for slides. 
Three to six camel's hair brushes (Fig. 2). 
Six pipettes (Fig. 3). 

One set of dissecting instnunents as follows: 
One large scalpel or cartilage knife (Fig. 4). 
One small scalpel (Fig. 5). 
Two needles (Fig. 6). 
One fine straight scissors (Fig. 7). 

One fine straight dissecting forceps, file-cut points (Fig. 8). 
One blow-pipe (Fig. 9). 
One section Ufter (Fig. 10). 
To which may well be added: 
One heavy scissors (Fig. 11). 
One ciu^'ed scissors (Fig. 12). 
One heavy forceps (Fig. 13). 
One fine forceps, curved tips (Fig. 14). 
One horn spoon. 
One desk memorandum calendar. 
Blank cards (about 75X100 nmi.) for keeping records of experiments. 

The kind of card used for Hbrary card catalogue will do. 
One section razor (Fig. 15). 
A piece of moderately heavy copper wire with one end hammered out to a 

width of 7 to 10 mm. 
Towels. 

A glass-marking pencil (wax) or writing diamond will be found useful. 
Coarse carborundum "engraver's pencil points," which may be purchased 
for seventy-five cents a dozen, are very satisfactory for marking 
glass, according to Professor C. E. McClung. 

1 
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4 Animcd Micrology 

Apparatus ordinarily supplied by the laboratory: 

Desk with drawers. 

Locker for microscope. 

Compound microscope and accessories (Appendix A). 

Dissecting microscope (Fig. 66). 

Microtomes (Figs. 27, 28, 29, 32, 33). 

Paraflfin oven (Figs. 24, 25, 26). 

Tall stenders (about 85 mm. deep). Each student should have at least 

eight (Fig. 16). 
Cophn staining jars (Fig. 17). Tall stenders may be used instead. About 

eight are needed for each student. 
Flat stenders (Fig. 18); half a dozen for each student. 
Syracuse watch-glasses (Fig. 19) ; eight to each student. 
Balsam bottle (Fig. 20). 

Graduated cylinders for measuring Hquids (Fig. 21). 
Wash-bottle (Fig. 22). 
CeUoidin bottle (Fig. 23). 
Turntable (Fig. 36). 
Injecting apparatus. 
Reagent bottles and vials. 
Other apparatus and suppHes such as bone-forceps, bone-saws, glass tubing, 

glass rods, beakers, burners, filter-paper, funnels, evaporating-dishes, 

sand bath, dropping-bottles, balances, mortar and pestle, etc. 
For apparatus or supphes not Hsted in this book the student is referred 
to the illustrated catalogues of dealers and manufacturers such as: The 
Bausch & Lomb Optical Co., Rochester, N.Y.; The Ernst Leitz Optical 
Works, Wetzlar, Germany (American branch, 30 E. 18th St., New York 
City); The Spencer Lens Co., Buffalo, N.Y.; Carl Zeiss Optical Works, 
Jena, Germany; R. & J. Beck, 68, Cornhill, London; The Kny-Scherer Co., 
New York City; Eimer & Amend, New York City; Whitall, Tatura & Co. 
(especially for glassware), New York City. 



IMPORTANT GENERAL RULES 

, Keep everything clean! 

. Have a definite place in your desk for each piece of appa- 
"tatus and arrange reagents in order on top of it. 

3. Use cards for keeping records of materials. Each card 
should have a number corresponding to that of each special object 
or piece of tissue, and should show the name of the preparation, 
date, reagents used, time left in each reagent — in short, all data 
concerning the manipulation of the material. 

4. Jot down in a blank calendar the various things to be done 
at future dates, such as changing of reagent on tissues, etc., and then 

^^o over this memorandum carefully each day when you first come 
Bfaito the laboratory. 

HB 5. Use only clean vesseb in preparing reagents, and clean up 
^^11 glassware while it is yet moist. 

6. Reserve and mark a separate pipette for each of the chief 
reagents {absolute alcohol, oils, acids, etc.). 

. In making up solutions, 1 gram of a salt in 100 c.c. of liquid 

b reckoned ordinarily as a 1 per cent solution, 3 grams as a 3 per cent 

btution, etc. But if solutions are to be of 10 per cent strength or 

rer, it is better to weigh out the dry material to the desired percent- 

e and then add enough of the liquid to make the whole weigh 100 

For example, to make a 25 per cent aqueous solution of 

c potash, add 25 grams of caustic potash to 75 c.c, of wat«r. A 

jrated solution contains all of a given substance that the liquid 

1 take up. When a solution is called for without specifying the 

Uvent, an aqueous solution is meant. 

8. In weighing salts always first put paper in the scale pans to 
t them, 

9. Id making solutions or mixtures in which only a small amount 
I one reagent is used, after mixing, pour back some of the mixture 

mto the small vessel and rinse it thoroughly in order tc get all of the 
original coutenis out. 



6 Animal Micrclogy 

10. When pouring liquids from bottles keep the label of the 
bottle turned toward the palm of the hand. Do not lay down 
stoppers but hold them by their tops between the knuckles. 

11. Before leaving the laboratory put away your instruments 
and clean and put in its place whatever laboratory apparatus you 
miEty have been using. 

12. All solid waste materials, adds, stains, etc., should be thrown 
into stone jars, not into the sink. 
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I PREPARATIOH OF REAGENTS 

The following reagents should be prepared by each student. 

1. Grades of Alcohol. — To obtaui a given percentage of alcohol 
through dilution of a higher percentage with distilled water, sub- 
tract the percentage required from the percentage of the alcohol to 
be dilut«d: the difference is the proportion of water that must be 
added. Thus, if 35 ifi the percent^e required, and 95 the percentage 
to be diluted, then 95—35=60; hence, 60 parts of water and 35 
parte of 95 per cent alcohol are the proportions for mixing. 

This means that in practice one needs only to fill the graduated 
measuring cylinder to the same numljer as the percentage required 
(e.g., 35) with the alcohol to be diluted (e.g., 95} and then fill up 
to the percentage of the latter with distilled water. In this way 
one would obtain 95 c.c. of alcohol of the percentage required, if the 
measuring cylinder is graduated in cubic centimeters. 

Prepare about 250 c.c. of 35, 50. 70, and 83 per cent alcohols, 
respectivelj', from 95 per cent alcohol and distilled wat^r. The 
commercial alcohol used, though really about 96 per cent, may 
be%ured on the basis of 95 per cent. 

Owii^! to the differences in the specific gravities of the different 
percentages of alcohol, the foregoing method gives only approximate 
lults;. they are suflSciently accurate, however, for most biolf^ical 
irk. 

2. Absolute Alcohol. — It is customary in most laboratories to 
purchase so-called absolute alcohol specially prepared for laboratory 
piuposes. Squibb's absolute alcohol (99.8 per cent) is commonly 
used. Inasmuch as such alcohol is an expensive reagent, economy 

letimes necessitates that the student undertake the more tedious 
process of makii^ his own absolute alcohol. Crystals of copper 
sulphate are heated until the water of crystallization is driven oS 
and the sulphate is left as a white powder. Such anhydrous sulphate J 



is added to a bottle of commercial (96 per cent) alcohol. The water 
in the alcohol immediately unites with it, turning it blue. Anhy- 
droi^ sulphate should be added until it no longer turns blue. The 
alcohol is then filtered into a clean, dry bottle which must have a 
tight^tting cork or ground-glass stopper, It,is well to smear the 
glass stopper with vaseline, so that when it is placed Ln the bottle 
all moisture from the air may be completely excluded. -\ny labora- 
tory usii^ considerable quantities of absolute alcohol should have 
its own still. 
.' 3. Acid Alcohol.— 



Alcohol (70 per cent) ,-;..':■...■ 99c.c. 

Hydrochloric acid (pure) 1 e.c. 



i 



For sections use the mixture only a few seconds or minutes. 
For material stained in bulk, add twice as much 70 per cent alcohol 
and leave the object in it until sufficiently decolorized (2 to 24 hours) . 

4. Ether and Alcohol. — .\bsolute alcohol and sulphuric ether 
equal parts. Quantity, 400 c.c. Keep the ether distant from all 
Barnes. 

5. Normal Saline. — Prepare a 0.75 per cent solution of sodium 
chloride in distilled water. This is termed a normal salt solution 
because it is a solution of about the same density as natural lymph 
and is much less harmful to living tissues than is distilled water. 
Quantity, 500 c.c. 

6. Formalin (also t«rmed formal, formol, formolose).— -Com- 
mercial formalin is a 40 per cent solution of formaldehyde in wat^'. 
A 4 per cent solution of formalin would be made by taking 4 volumes 
(rf commercial formalin and 96 volumes of wafer. This is, however, 
only a 1 .6 per cent solution of formaldehyde. Make a 10 per cent 
solution of formalin. Quantity, 250 c.c. 

7. Zenker's Fixing Fluid. — 

Bichromate of potassium 2.5 grams 

Bichloride of mercury (corrosive sublimate) 5.0 grams 

Sodium sulphate 1.0 gram 

Water 100 c.c. 

Glacial acetic acid 5 c.c. 





Preparalian of Reagents 9 

Dissolve the bichroaiate and the sublimate in the water with the 
aid of heat. Keep the acetic acid in a separate bottle until the fixing 
fluid is to be used, as it will produce changes in the chrome salt if 
added at once and allowefl to stand. 

Caution.— In handling corrosive sublimate do not use metal 
instruments because it corrodes metal. Use a glass or horn spatula. 
J 8. Bouin's Picro-Formol. — 

Picric acid, saturated aqueous solution 75 parts 

Formalin 25 parts 

Acetic acid (glacial) 3 parts 

One gram of picric-acid crystals will saturate about 75 c.c. of 
rater. 
9. MacCalliim's Macerating Fluid. — 

Nitric acid ■ 1 part 

Glycerin 2 parts 

Water 2 parts 

. Decalcifying Solution.^ — 

Nitric acid (strong) 10 c.c. 

Alcohol (70 per cent) 90 c.c. 

11. Alum-Codiineal. — 

Potassic alum 6 grains 

Powdered cochineal 6 grams 

Distilled water 90 c.c. 

Boil for half an hour; after the fluid has settled, decant the super- 
natant liquid, add more water to it, and boil it down until only 90 c.c. 
of the decoction remains. Filter when cool, and add a bit of thymol 
or a little salicylic acid to prevent the growth of mold. 

12. Delafield's Hematoxylin. — Prepare 100 c.c. of a saturated 
aqueous solution of ammonia alum. Dissolve 1 gram of hematoxylin 
crystals in 10 c.c. of absolute alcohol, and add it, drop by drop, to the 
first solution. Expose this mixture to air and light for several weeks 
(two months is not too long) to "ripen." (Ripening consists inan 

lation of the hematoxylin to form hematein. This may be accom- 
i at once with some decree of success through the addition of 
V few cubic centimeters of a neutralized solution of peroxide of 
)gen or other powerful oxidizing agent.) When ripe, filter the 
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fioiution and add 25 c.c. of glycerin and 25 c.c. of methyl alcohol (sM 
memorandum 1). It is well to have a stock solution of thi? gta 
already prepared to be used in case the student's preparation is not 
ready in time. 

Most laboratories keep on hand a stock solution of hematoxylin 
made by dissolving 1 part of hematoxylin crystals in 10 parte of 
absolute alcohol. In the course of several months or a year this solu- 
tion ripens to a dark wine-red color. It may then be used in making 
up the various hematoxylin solutions and, being ripe, will stain at 
once. 

Note, — Al this point the ttudent sliould begin chap. Hi in order that no t 
way be last. The present chapter may then be completed while the titiuee art bi 
fixed and hardened. 

13. Orange G.— 

Orange G (GrObler's) 1 gram 

Distilled water 100 c.c. 

14. Congo Red. — 

Congo red 0.5 gram 

Distilled water 100 c.c. 

15. Lyons Blue. — 

Absolute alcohol 100 c.o. 

Bleu de Lyon 0.3 gram 

16. Eosin.— 

Eosin 0.5 gram 

Alcohol, 95 per cent 100 c.c. 

17. Iron-Hematoxylin (Heidenhain's) . — Two solutions are i 
They are not to be mixed. 

Solution I: 

Ferric alum (clear violet crystals) 2.5 gram 

Distilled water 100 c.c. 

Solution II: 

Hematoxylin 0.5 gram -i 

Distilled water 10( 




Preparation of Reagents 
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The hematox>-lin should ripen (see reagent 12, p. 9) for some 
three or four weeks. The ferric alum of the histologiBt is always 
monio-ferric sulphate. 




18. Canada Balsam. — Dry 2 grams of Canada balsam on a sand 
bath or in a warm chamber until it becomes hard (1 to 2 hours at 
65" C.)- Do not overheat. When cool add enough xylol to make 
a very thin, s>TUpy fluid. Roll a sheet of paper into a eone to serve 
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as a funnel, and filter the fiuid through absorbent cotton. Thicla 
the solution slightly by leaving t 
cap off the bottle in a place fw 
from dust, and allowing some < 
the xylol to evaporate. Or, fill 
your balsam bottle one-third fiill of 
the liquid xj'lol-balsam now on the 
market and dilute to the proper 
oonsiat^ncy. 

19. Mayer's Albamen Fixative. 
—Beat the white of an egg with an 
eggbeater and pour it into a tall 
cylinder. Let stand until the air 
brings all suspended matter to the 
top. Skim off the latter and to the 
remainder add an equal volume of 
glycerin, and a bit of sahcylate of 
soda (1 gram to 50 c.c.) or thymol 
to prevent putrefaction. 

20. Celloidin,— Soak 15 grama of dry celloidin overnight in jui 
sufficient absolute alcohol to cover it. Then dissolve it in 200 c.c. i 
ether-alcohol {see reagent 4). In a 
second bottle prepare a thinner 
solution by taking about one-third 
of the original and diluting it with 
it« own volume of ether-alcohol. 
The solutions are best kept in 
bottles with glass stoppers and 
ground-glass caps. Label the 
bottles thick and thin celloidin, 
respectively. 

21. Paraffin, — In one of the cups 
of a warm paraffin oven (Fig. 24, 
26, or 26), put 75 grams of paraffin, 
melting at about 50° C. (see memo- 
randum 5, p. 14). The bath should be kept at a temperattfj 
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some two degrees above the melting-pomt of the paraffin. A 
supply of softer and of harder paraffin (e.g., melting at 43^ SJid 55° C.) 
should also be at hand- 

Other Reagents. — Pro^'ide yourself with 500 c.c. of distilled 
water, 200 c.c. of xylol, 25 c.c. of clove oil, 25 c.c. of glfwrial acetic 
acid, 50 c.c. c^ a cedar-wood oil, 25 c.c. of a saturated solution of 
iodine in 70 per cent alcohol, 75 c.c. of chloroform, 30 c.c. of glycerin, 
and 250 c.c. of absolute alcohol if it has not ah%ady been prepared. 
Keep the absolute alcohol and the iQ'lol carefull>' corked to exclude 
BKUSture. Before measuring out any of these reagents, see that 
the gradiiate and the bottle are perfectly dean and dry. 
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1. Etli^ Alcohol (grain alcohol) ia the Idnd commonly used in histo- 
logicsl laboratoiiee. Upon presentation of the proper credentiala to the 
internal revenne officers, it may be purchased by the barrel from distiUen, 
tax free, by educational instituUonf. Such commercial alcohol is of about 
96 per cent soength. When the strength is unknown, it should be tested by 
means of an aleobolomrta (see 2, below). 

ttMtti Alcohol (called abo wood alc<^u>l or wood spinta) is drnper 
than ethyl aleoholia ease the latter cannot be had tax free, and is t^xij 
eatidaeUtry in most caaea. It is pwaooous and must be carefoDy handled. 
It is of aboot 90 per e»t strength. The "mettTlatod qxiits" of Eo^irit 
□ucroscoiMBts is grain alcohol eantatDing 10 per eeat of methyl aloohoL 

Rediled Sfidt is a 91 per ceot akobol (84 per eeat in Eai^aid). 

3. Tlie Ahoholoaaeter ia a convenient instmment for detcrminiiig the 
strength of alcohol, or the percentage gf absolute alcohol in a spiritiioaa 
miitare. It is a kind of h)-dracaet» with a scale '»^*^n*^ to iwfrtfr the 
pseentages of alcoboL IHScreat streogtlH of alcohol have diflocnt qpeetfie 
pwnties; consequent^ the imtmiiieBt will float hi^ia or lower in the liqud 
aeoordtng to the poBcntaee of aleohd pnamt. The Dsmba- on the scale 
just at the m&ee at the liquid indicates its strength. 

3. Rnle for DDntisa trf a pno strength of a solulioii with a lower per- 
centage <tf the nme sotetMn. (For wfaeie the (Bfaient is water, Le^ sefo 
per cent. Me rule under reagent 1.) Subtract the pcreenlay required from 
the percentage of the Bolstiao to be (Hated; also subtoct the peRottase of 
the ifitnent from that cf the strength req ui red. 1^ diffsenece an the 
1 1 inii 1 1 pevportions <d the ifilaent and the soiotioD to be dilated that must 
be med. Thas, to pecfore a 35 per cent sohitkn froon 95 and 20 per cent 
: I6-35-II0-, 35-20-15; hence, fiOtoI5or4tolaretl» 
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proportions desired. That is, i parts of the 20 per cent and 1 part ^ 
95 per cent solution must be used to obtain a 35 per cent solution. I 

4. "To Remove Fixed Stoppers, take the bottle in the left hand wiC 
thumb applied to one side of the stopper, then tap the other side Q 
stopper with some heavy instrument, such as the handle of a pocketJj 
pressing the thumb against the direction of the tap. Turn the I 
roimd, gradually tapping until the stopper loosens. Should this 4 
prove of no avail (which is very rarely), hold the neck of the bottlCl 
spirit flame, and quickly withdraw the stopper as the glass of thei 
expands. This is a somewhat risky procedure, but is very effectual if; 
smartly" (Journal of Applied Microscopy, VI, 2116). The glass of tha 
may be more safely heated by looping a heavy cord about it and saniii 
cord back and forth until the friction warms the glass. 

5. A Simple Paraffin Bath, recommended by several workers, ml 
made by suspending an electric-hght bulb (carbon-filament) in a tin 
of paraffin. The height of the bulb should be so adjusted that] 
unmelted paraffin remains at the bottom. Tissues will thus come { 
where the paraffin is just at the melting-point. Professor F. C. Waite It 
mends putting a paper cone around the entire apparatus if the room iS; 
McClendon, in the Biological BuUelin (XV, No. 1) for June, 1912, exj 
how to make a convenient concrete paraffin bath for indi\'idual use t 
is inexpensive and effective. J 

McClung suspends a 50-can die-power helix-wound cariwa-^la 
lamp, provided with a lamp shade, over a beaker of paraffin. Thfc 
from the lamp is sufficient to keep the top of the paraffin melted. | 
evaporation of the de&lcoboUsiug agent is facilitated by such an ai 
and overheating is avoided. The same lamp may be used for spra 
the paraffin ribbon on shdes, and for drying. 
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KILUNG, FIXING, AHD HARDENIHG 

The first step in the preparation of tissues ordii 
employment of some reagent which will kill the tissues and 
their various components in the characteristic stages of 4 
activities. Such material may then be preserved indefinitely 
future use. 

It is customary to discriminate between killing, fixing, 
hardening, although the same reagent may fulfil all three req| 
ments. Killing refers particularly to the destruction of the lij 
the tissue, a process which may be either slow or instantani 
In slow killit^ it is usual to employ narcotics such as ether, chl 
form, chloral hydrate, chloretone, carbon dioxide, nicotin, cocail 
weak alcohol. Ice is also used sometimes. Such methods ai 
particular value with highly contractile animals which are del 
in the extended condition. Such forms are narcotized eompt^ 
or until they arc unable to contract, and then frequently fixed! 
hardened in other or stronger fluids. Where practicable, instanti 
0U8 killing and fixing is preferable because tissues have then no 
to undergo postmortem changes. The same fluid ordinaril 
employed for killing and fixing. 

The purpose of fixation is — 

a) To preserve the actual form of tissue elements. 

b) To produce optica! differences in structure, or so to I 
the tissues that such differences will be brought out through 
sequent treatment with stains or other reagents. 

To accomplish this the fixing agent must possess the folia 
properties : 

1. It should kill the tissue so quickly that few structural chj 
can occur. 

2. It should neither shrink nor distend the tissue. 

3. It should bo a good preservative; that is, it must rendfl 
tissue elements insoluble and prevent postmortem changes. 

4. It should penetrate all parts equally well, 

5. It should put the tissue in condition to take stains uol 
of itself produces sufficient optical differences in the various 
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Picric atnd, or solutions containing it (except picro-fonnalin 
mixtures), must be washed in strong alcohol (70 per cent), never in 
water, because the latter seems to undo the work of fixation. 

Corrosive svhlimale and mixtures containing it are washed out 
in water or alcohol. A little tincture of iodine should be added 
to the wash from time to time to insure the removal of all corrosive- 
sublimate crystals. Sufficient iodine has been added when it no 
longer loses its reddish color after being in contact with the prepara- 
tion for a short time. 

Osmic acid and mixtures containing it should be washed in running 
water. 

DEHYDRATUfG 

While under certain circumstances objects may be mounted in 
aqueous media for examination, in the majority of cases, especiaJly 
where the preparation is to be a permanent one, it has been found 
best to remove all water from the tissues, that is, to dehydrate them. 
This renders preservation more certain, and it is a necessity, more- 
over, if the object ia to be imbedded later in paraffin or celloidin, for 
neither of these substances is miacible with water. Because of Ha 
strong affinity for water and the ease with which it may be manipu- 
lated, alcohol has come to be used universally for this purpose, 
completes the process of hardening at the same time. The defaj' 
dration must be gradual. In tissues transferred from water 
aqueous solutions directly to strong alcohol (or vice versa) viol 
diffusion currents are set up which produce serious distortion of the 
tissue elements. For this reason a aeries of alcohols of gradual] 
increasing strength (e.g., 35-50-70-83-95 per cent) is used. 1 
more delicate the object, the closer should be the grades of alcofa 

Professor C. E. McClung recommends a "drop" method for 
purposes. If, for example, an object in water is to be carried 
into the higher alcohols, he places a vessel containing 95 per ct 
alcobol and the vessel containing the object in water under a bell-ji 
The vessel containing alcohol is raised above the level of the otiM 
vessel and a string or a capillary siphon is set to carrying over tl 
I lUcohol drop by drop into the water. The amount of 95 per 
lohol must be apportioned to the amount of water bo that the 
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rrferred to the excellent compendium of Lee {The Microtomiafi 
Vade-Mecum). 

The staiDs of widest application are (1) the Cannines, (2) Ui 
Henutozrlins, (3) the Anilins, and (4) Metallic substances. 

Carmine is a brilliant scarlet or purplish coloring matter mad 
from the bodies of the cochineal and kermea scale insects. Til 
carmine stains, including cochineal, have been largely used in tl 
past for all kinds of work, but at present they are used more pM 
ticularly for staining objects in bulk before sectioning, or objed 
which are not to be sectioned. They are easy to use, and wi 
follow almost any fixing agent. In case of overstainiog, wea 
hydrochloric acid (0. 1 to 1 per cent) is used to decoloriae the tissue 
For formulae see Appendix B, p. 220. 

Hematoxylin is a compound containing the coloring matter i 
logwood. The hematoxylins follow well almost any of the fixii 
agents; they are especially recommended after fluids containu 
chromic acid or its salts. According to Mayer, the active ageil 
ID these stains is a compound of hematein with alumina. Tb 
blue-colored solution is precipitated in tissues, particularly in qucIi 
by certain organic and inorganic salts, such as phosphates. Tl 
hematein is produced by the oxidation of hematoxylin. The a 
called "ripening" is simply this change, which is brought ttbm 
by exposing the hematoxj'lin solution to air. If the pure hemataJ 
is used in making the stain, therefore, the latter will be ready f( 
use immediately, because it need not undergo the ripening proca 
(see remarks under 12, p. 9). For formulae see Appendix B, p. 22 

Anilin is a colorless coal-tar derivative, and is the base fn» 
which many of the numerous coal-tar dyes are made. The aniCi 
are brilhant stains of all colors. They are used almost excluaiTel 
for staining sections or thin membranes, and are of great earn 
to the microscopist, although, as a rule, they fade in time. 

The basic anilin stains, such as methyl green, methyl vioh 

gentian violet, methylen blue, safraiun, Bismarck brown, tohdd 

blue, and thionin, are usually nuclear stains. On the other hu 

the acid anilin stains, such as acid fuchsin, eosin, er>tbrD^n, S^ 

I green, orange G, bleu de Lyon, nigrosin, benzopurpurin, and autHi^ 
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Perhaps the most useful and rapid clearer is xylol. Xylol, bow- 
ever, is very sensitive to moisture, and if the preparation has not 
been thoroughly dehydrated the final mount will appear milkj-. 
Cedar-wood oil, though somewhat slower than xylol, is one of the 
best clearers. It is also one of the safest, because tissues may be 
left in it indefinitely. Other good clearers after alcohol are oil of 
origanum, sandal-wood oil, oil of cloves, cassia oil (cinnamic alde- 
hyde), toluol, oil of bergamot, anilin oil (for waterj' specimens), 
carbolic acid (for watery specimens), and beechwood creosote. 
Anilin oil will clear from 70 or 80 per cent alcohol. It should be 
followed by oil of bergamot, cassia, or wintergreen, according to 
McClung. Clove oil should not be used for celloidin sections because 
it dissolves celloidin. It is also inapplicable ordinarily after most 
anilin dyes because of its tendency to extract them. Among the 
best reagents for celloidin sections are cedar-wood oil. oil of origanum, 
creosote, and Eycleshymer's clearer (memorandum 4, p. 63). 

While "clearing" refers especially to the rendering transparent 
of tissue elements, and dealcohoUzation to the removal of alcohol 
previous to imbedding in paraffin, very frequently the same reagent 
is used for either purpose and the term "clearing" has come to be 
used in either sense. 

MOUNTING 

After tissues have been cleared the final step is to mount t 
in some suitable medium for preservation and inspection. 

If tissues are to be mounted directly from water or t 
media, glycerin, glycerin-jelly, or Farrant's solution is used ( 
narily. If the alcoholic dehydration method is employed, I 
gum damar, or euparal is the final mounting-medium, The t 
or damar is dissolved commonly in xylol, although turpentine, 6 
roform, or benzol may be used as the solvent. In i 
xylol-balsam is the most satisfactory for ordinary purposes, 
ever, some of our best American technicians prefer gum ( 
dissolved in xylol. 

IMBEDDING 

In order to section tissues or objects satisfactorily it is ffl 

necessary to imbed them in a suitable matrix. Simple i 

I conaiats in merely surrounding the object by an appropriaa 
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that they will not become detached even after the removal of par 
from them. It is common, however, and safer to use a thin fil 
albumen fixative aa a cementing substance between the water 
the surface of the slide. 

In the case of celloidin sections, if only one or a few sectioni 
to be mounted on one sUde, it is a common practice to stain 
sections and transfer them through the various reagents, eve 
clearing, before mounting them on the slide. In such cases 
sections need not be fixed to the elide. With serial sections, how< 
the sections must be held in place in some way during their trans: 
through the reagents (see memoranda 12 and 13, p. 165). Ui 
paraffin, the celloidin is not ordinarily removed from the tissues 

DECOLORIZING 

Not infrequently in staining, the tissue becomes overstoined 
requires that some of the color be extracted from certain of 
elements to bring about a proper differentiation. The fact 
certain tissue elements retain stain more tenaciously than othe 
sometimes taken advantage of and ovcrstaining followed by deco 
zation is practiced intentionally. Alcohol slightly acidulated ' 
hydrochloric acid (0.1 to I per cent) is commonly used for 
extraction of surplus color. In special cases other decolorizos 
used: for example, iron-alum in the iron-hematoxylin met 
(reagent 17, p. 10). 

Overstaining tissue and then partially decolorizing it is aometi 
designated as regressive staining in contradistinction to progm 
staining in which the dye, once taken up by the tissue, is not reoMn 
In progressive staining differentiation is accomplished througlk. 
selective affinity of dyes for different elements, 

BLEACHING 

In some cases tis.<!ues are obscured because of the pres^^ 
natural pigments or on account of blackening caused by tk.^ 
reagimt. Such tissues must be bleached. Chlorine, per^::^., 
hydrogen, or sulphurous acid are commonly employed. -V. 
is given in memorandum 12, p. 44- 




^SEu:^ 



« fc 



L 

f 



or both. Hardening and fixing reagents in general if diluted to 
about one-tenth are efficient for dissociation. Gage recommends 
normal saline as preferable to water for dilution. The dissecting 
microscope or some kind of lens-holder and lens are valuable aids 
in isolating tissue elements. For practical methods consult cbap. x; 
for reagents, Appendix B, iv. 

NORMAL OR INDIFFERENT FLUIDS FOR EXAMINING FRESH 

TISSUES 
It is desirable frequently to examine fresh material in as near a 
natural condition as possible, hence recourse is had to the so-called 
indifferent fluids. While not wholly indifferent, they ordinarily 
produce but slight changes in tissues and their elements from the 
viewpoint of the microscopist. The liquids most commonly used 
for this purpose are discussed in Appendix B, iii. 

GENERAL SCHEME FOR MOUNTING WHOLE OBJECTS (IN TOTO 

PREPARATIONS) OR SECTIONS 
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PRACTICAL EXERCISE 



^^^^B Kill a frog or other small vertebrate by placing it under a bell' 

^^^H which contains a bit of cotton saturated with chloroform. Open 

^^^B body as soon as possible after death and secure the tissues spec! 

^H below. 

^^H 1. Alcohol Fixation. — Remove the dorsal aorta and small pi( 

^^B of the liver and harden in absolute alcohol (at least, not less t 

^^B 95 per cent) in a vial or small bottle. The tissue will be ready 

^V further treatment in two days. 

^B Larger pieces of tissue require longer time. The pieces ahoi 

■ be thin. Change the alcohol every day for the first three days, 

■ Alcohol ia in most instances an unsatisfactorj- fixing reagent, 

■ it ia frequently employed because it is usually at hand and is ea 

■ manipulated. Hot absolute alcohol is very often used for inse 
I Acetic acid {p. 207) is used with alcohol sometimes to increase pe 
' tration and to counteract its tendency to shrink tissues. The a 

_ ture is usually preferable to alcohol alone. 

. Fixing with Zenker's Fluid.^Place small pieces of Ui 

I kidney, pancreas, spleen, cardiac and pyloric ends of the stom 

il>ladder, spinal cord, and brain in about ninety times their bul 

rZenker's fluid. Remove a piece of the intestine about 12 mm. J 

I and after washing it thoroughly in normal saline place it in a 

the fixing mixture. After fixation, which requires from 6 to 2 

wash the objects in running water for from 12 to 24 hours. J 

transfer them through 35 and 50 per cent alcohol (20 minute 

into 70 per cent alcohol. Add sufficient iodine solution to i 

alcohol a port-wine color. The iodine will remove any mercd 

L 'tals which may have formed in the tissues. As often as J 

i'disappcars the iodine must be renewed. After from 12 t 

■ of this treatment, the color persists and the objects shou 
Jtranaferred to fresh 70 or 80 per cent alcohol, which must j 

■ until it no longer extracts iodine from the specimens J^ 
longed washing with iodine solution tends to undo the wom 
and to hinder staining. Many workers prefer to on 
ment with iodine until the tissue has been cut intoj 

I shdes bearing sections are treated with 



Entire human brains may Ije fixed and hardened in a 10 per cent 
solution. 

Formalin is much used for fixing and preserving when frozen 
sections are to be made, and it is particularly serviceable where a 
study of fat is desired. It also interferes less with mirrochemical 
tests than most other reagents. 



MEMORANDA 

1. Tissues Are Preserved in Alcohol of from 70 to 85 per cent strength, 
but if they are to remain several months it is better to preserve them in a 
mixture of equal parts of glycerin, distilled water, and 95 per cent alcohol. 

2. Hardening. — Read carefully the remarks on hardening m cliap. ii. 

3. Tissues Should Not Be Left in the Fixing Agent longer, ordinarily, 
than is nece§sary to get results. Some, however, require a long time to 
bring out the optical differences of their elements. Experience alone can 
teach the time required in a given case. Such a reagent as formalin kills, 
fixes, hardens, and preserves, all at the same time. However, see rernaria 
under 4, p. 29. 

4. Fixation by Injection is highly advantageous with many tissues be- 
cause the fixing fluid is brought quickly into contact with all parts of the bo^. 
The vascular system is first washed out with normal salt solution and thra 
filled with the fixer. For fluids containing corrosive sublimate a glass syiiBgc 
and cannula, instead of a metal one, should be used. 

5. Hollow Organs should be filled with the fixing fluid and then bu9- 
jwnded in a vessel of the same. 

6. For Transferring Small Objects through reagents the method of 
Walton is an excellent one. For the several reagents he uses shell \'iafe which 
measure about 10 cm. in height by 3 cm. in diameter. Through the center 
of a flat cork which fits the vials a hole is made and a glass tube (about 
9cm.X1.6om.) is inserted so that its lower end dips well into the reagente 
in the viala. The lower end of the tube is closed with fine-meshed cloth and 
the objects are placed within the tube. To transfer the objects one sin^ 
removes the cork bearing the tube and inserts it in the vial containing the 
detured reagent. The upper end of the tube may be closed with a cork <i 
the proper size. To avoid disturbance from changes in air pressure a sm^ 
hole should be bored in the side of the tube just below the lower level of the 
larger cork. The vials are supported as indicated in memorandum 7. 

Very small objects (e.g., small e^s) may also be made up into little 
packets in bits of the cast-off epidermis of the frog or salamander, according 
to the method of Professor Boveri. The epidermal film is spread over the 
concavity of a hollow ground slide and saturated with alcohol of the same 
'TBngth as that which surrounds the objects. After the latter have 
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traoaferred by means of a pipette to this aheet of epidermal tissue, two 
opposite edges of the sheet are folded over the objeeta, then the other two 
are brought together, twisted about each other, and pinned with a fine pin. 
The pin, bearing a label, is used as a handle to transfer the little bag of 
objects from one reagent to another. Since the epidermal tissue cuts readily, 
it need not be removed if the objects are to be imbedded for sectioning. 

Professor C. E. McClung places fresh bits of tissue on small strips of 
paper with the proper index number on the opposite side. The paper is 
then inverted on the surface of the fixing fluid. The tissue will adhere to 
the paper through all subsequent processes. For washing, dehydrating, 
etc., simply float the paper on the proper fluid. A number of objects may 
thus be handled together. The plane of section may also be marked by 
the paper. 

Gelatin capsules, such as are used for medicines, have been recommended 

for small objects by various workers. A hole, of sufficient size to let through 

^Ni^the reagent but hold back the objects, is pricked in each end of the capsule. 

7. Shell Vuds, Small Botttes, etc., when in use are best supported in 

''shallow auger holes of proper size in thick blocks of wood. 

V 8. Material Which Is to Be Kept Indefinitely should be put in tightly 

f rtoppered vials in a place away from strong hght. Glass stoppers should 

be used, since cork, besides shrinking and diBintegrating with age, may give 

off extractives which injure dehcate tissues. It is beat to pack the vials ina 

museum jar on cotton and then seal the jar securely to prevent evaporation. 

Material is even more secure if the museum jar is partly filled with alcohol; in 

such a case each small vial should have a label of the contents placed within it. 

Another way to prevent evaporation from vials or bottles is to "cap" 

them with a suitable varnish (see memorandum 9). 

9. To Seal Bottles and Preparatioii Jars ("bottle-capping"), dip the 
stopper and part of the neck in collodion varnish made as follows: 

Pyroxylin (e.g., collodion or celloidin) I ot. 

Ether , 6 oi. 

Alcohol 8 OB. 

When the pyroxylin has completely dissolved add 2,5 drams of camphor. 
(From Pharnuuxulieal Era, XXX, 528.) 

10. For the Preservation of Anatomical Material for other than cytologi- 
cal or hiatolt^cal dissection, Profeijsor George Wagner of our own laboratory 
finds nothing as scr\'iceable a'4 Keiller's fluid. The formula is as follows: 

Formalin 1,5 parts 

Carbolic acid 2,5 parts 

Glycerin 10 parts 

Water 86 parts 

If a good grade of carbolic acid is used, disagreeable odors will largely 
be avoided. For embalming, a suitable reservoir is fiUed with the fluid and 
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suspended some 3 or 4 feet above the body to be preserved. About 6 feet 
of rubber tubing, provided with clamps and a glass cannula of proper size 
to fit the femoral artery, is attached to the reservoir. After killing the animal 
with illimainating gas or chloroform, the fluid is injected through the femoral 
artery. An important precaution is to have the column of fluid in the tube 
and cannula free from air bubbles or foreign materials. The pressure should 
be such at all times as to prevent blood from running back through the 
cannula. The animal should be subjected to this embalming process for 
two hours. Obviously, by increasing the size of the reser\'oir and the number 
of tubes, several animals may be treated at the same time. 

At the conclusion of the embalming process, if the arteries are to be 
injected with a colored mass, the rubber tube should be disconnected from 
the cannula and the latter be left in place in the artery. After the animal 
has remained for 24 hours in an upright position the injection may be under- 
taken. For study of the blocxl vascular system, however, some workere 
prefer to inject fresh animals and preser\'e them in formalin. For a satis- 
factory starch injection mass see memorandum 16, p. 92. 

In our own hiboratory it is the practice to akin the embalmed animal 
and wrap the body in chooaecloth saturated with the embalming fluid. It 
is kept in a zinc box of suitable size which has a close-fitting lid. We find 
a box 25 inches long, S inches wide, and 9 inches deep a very good size for 
cats. For a more detailed account of embalming with Keiller's fluid see 
Bensley, PriKlical Anatomy o/ Ike Rabbit, pp. 194-98. 

The following mixture, recommended to the author by Professor Kincaid 
of the Washington State University, has given most excellent results. To a 
mixture of equal parts of glycerin and 95 per cent alcohol sufficient formalin 
is added to make the whole about a 2 per cent formalin. Specimens remain 
perfectly flexible in this mixture, and, indeed, after they have become 
thoroughly saturated, many forms (crustacea, insects, etc.) may be removed 
and kept as dry specimens which still retain their flexibility. 

11. Material Which Has Been in Formalin and is to be dissected may 
be rendered more phable, and harmless to the skin, by soaking in a 3 per cent 
solution of carbolic acid. 

12. For Washing out Specimens it is advisable to have the laboratory 
water-pipe provided with numerous small cocks about 10 cm. apart, so that 
each student may have the use of one or more. A piece of rubber tube, 
long enough to reach to the bottom of the vessel containing the specimen and 
fitted with a bit of gloss tube in the free end, may be attached to each outlet. 
If the objects are very small they may be placed in perforated porcelain 
thimbles which may be purchased from instrument dealers. For minute 
objects the thimbles may need to be lined with fine gauze. Bits of glass 
tubing with fine gauze over the two ends are also useful for small objects. 



CHAPTER IV 
SIMPLE SECTION METHODS 
FREE-HAND SECTION CUTTING 
This method ia important because it requires uo costly appli- 
ances; althougli the sections are not as accurately cut as when 
mechanical aids are used, the method is simple, rapid, and adequate 
for the more general histological and pathological work. 

1. The section razor is flat on one side (the lower) and hollow 
ground on the other (Fig. 15). /( must be sbai~p. 

2. A shallow glass dish or watch-glass partly filled with water 
ia also necessary. Before making a section, dip the razor flatwise 
into the Uquid, or use a camel's hair brush ; see that the upper surface 
is well flooded. 

3. Sit in such a way that the forearm may be steadied against 
the edge of the table. 

4. Use a piece of liver which was fixed in formafin, first rinsing it 
in wat€r. Take the tissue between the thumb and forefinger of the 
left hand, and hold it in such a way that a thin slice may be cut by 
drawing the knife along the surface of the forefinger. 

5. Rest the flat surface of the knife upon the forefinger, and, 
beginning at the heel of the knife, carefully draw the blade toward 
you diagonally through the tissue, slicing off a thin section of as 
uniform thickness as possible. 

6. As each section is cut, float it off into the water; if it adheres 
to the blade, remove it by means of a wet camel's hair brush. 

7. Practice until very thin sections are obtained, then place the 
dish upon a black surface, and with a needle or section-Ufter transfer 
the thinnest and best sections, if only fragments, to a watch^loss 
containing water. 

Note. — la caae the tissue has been preserved in alcohol, cut the sections 
under 70 per cent alcohol instead of water, then transfer them la 50 and 35 per 
cent alcohol successively and finally to water, leaving them in each liquid from 
3 to 5 minutes. 
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8. Next, place the aectioiis in about 3 c.c. of Dela&eld's hema- 
to^Q'lin diluted with an equal volume of water, and leave them for 
various lengths of time (3, 7, 12, or more minutes) to determine the 
time for successful staining. 

9. Transfer the sections from the stain to tap water, and gently 
move them about for from 5 to 10 minutes to wash out the excess 
of the stain. If the sections are still overstained, place them in 
5 c.c. of distilled water to which 3 drops of acetic acid have been 
added. Leave for 5 minutes, or uutil they become lighter in color, 
then wash in several changes of tap water until they have again 
become blue, 

10. Remove the sections from the water and trajisfer them through 
35, 50, 70, 83, and 95 per cent alcohol successively, leaving them from 
3 to 5 minutes in each, and then transfer them to absolute alcohol 
for 10 minutes, and finally to xylol for 10 minutes, or until clear. 

11. Select one or two of the best sections and transfer them to 
the center of a clean glasn slide. After straightening them out 
properly, drain off the excess of the clearer and before the eeo- 
tions can become dry, add a drop of Canada balsam. Carefully 
lower a clean cover-glass (for cleaning see memorandum 14, p. 56) 
on to the balsam. There should be just suflScient balsam to spre 
evenly under the cover without exuding around the edges. 

12. Label, stating card number, name of the preparation^ | 
other data that it is desired to add (see p. 48, step 10). 

13. Carry one of the pieces of stomach prepared in Zenker through 
the same treatment. The sections should be transverse sections o 
the stomach wall, 

14. Clean up all dirty glassware immedialdy. 



MEMORANDA 

1. The Thinnest Sections ure not alwayi^ the best. For a general view 
of an organ, lai^e, comparatively thick sections are usually better; for detaila 
of structure, thin sections. 

2. Small Pieces of Tissue may be cemented to & cork if too small lo bold 
conveniently between thumb and forefinger. A piece of stout copper wire 
is heated for a moment in the Same and touched to a bit of paraffin. As the 
parafiin melts, transfer drops of it to the edge of the tissue, which haft 



Simple Section Methods 



35 



been previously placed on the cork. The parafRii cools and holds the 
tissue faat. 

Another and better method of handling a small object is to imbed it la a 
piece of hardened liver. In sectioning, the liver as well as the object is 
sliced, but they readily separate when placed in alcohol. Beef liver or dog 
liver is prepared for auch purposes by hardening pieces about 5X2X2 cm. 
in size in 95 per cent alcohol for 24 hours, and then transferring to fresh 
95 per cent alcohol until needed. When much hand sectioning h to be done, 
a supply of hardened liver should be kept on hand. 
Many small objects may be held between pieces of 
pith and successfully sectioned. 

3. Well Microtomes (Fig. 27) are inexpensive 
instnmients which are used for simple sectioning. 
Such a microtome consists of a tube in which the 
object is placed, and at one end of which ia a plate 
to guide the razor. The other end is provided 
with a screw, which, when turned, pushea the con- 
tents of the tube above the plate, thus making it 
possible to cut sections of a uniform thickness. 
The object to be cut must be firmly fixed in the 
well. Such tissues as kidney, liver, spleen, hard 
tumors, cartilage, etc., may bo held sufficiently 
rigid by wedging small slabs of carrot, turnip, pith, 
or hardened liver in about them. These support- 
ing substances must, of course, rest squarely 
against the bottom of the well. Soft tissues, such 
as soft tumors or brain, must lie imbedded. Three 
parts of paraffin and one part of vaseline melted 
together and thoroughly mixed makes a very good 
imbedding-mass for a well microtome. To imbed, warm the microtome 
slightly and fill the well with the imbedding-mixture. Remove all liquid 
from the surface of the tissue, and pass it below the surface of the mixture 
just as it begins to harden around the edges. When the imbedding-mass 
has become cold the sections are cut in the ordinary way. 

4. Temporaiy Mounts may be made directly from water after staining 
by using glycerin as a mounting-medium. Transfer the section to the slide, 
add a drop or two of glycerin, and a clean cover-glass. 




a. 27.— WpII Microtome 



CHAPTER V 

" THE PARAFFIN METHOD: INFILTRATIOH AND~1 
SECTIONING 
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cent alcohol 
(6 mm. long) fixed in Zenker's fluid, and also pieces of otber tissues 
fixed in this fluid, and proceed according to the following schedule. 
Keep accurate records on your cards. 

2. Immerse in 95 per cent alcohol for 30 to 45 minutes. A longer 
time will do no harm. 

3. Transfer to absolute alcohol, 1 hour. Before trausferrii^ to 
absolute, remove the excess of 95 per cent alcohol from the object 
by touching it with a piece of blotting paper or a clean cloth, but i 
not let it become dry. 

4. Xylol and absolute alcohol equal parts, 30 minutes. 

5. Xylol, li hours, or until the object looks clear. Rftj 

remove all excess of xylol before proceeding with step 5, but do not 

allow the tissue to become dry or dull looking. (For delicate objects 

■ see p. 53.) 

^1 6. Melted paraffin {melting-point about 50° C), 2 hours. The 

^H object may be left an hour longer, but it is best to avoid as much as 

^H possible subjecting tissues to an elevated temperature. Shift its 

^H position in the paraffin once or twice to facilitate penetration of the 

^H The duration of the paraffin bath varies according to the size and 

^H density of the object. Many objects of from 3 to 5 mm. in thickness 

^V are thoroughly saturated within an hour or less; others which are 

^M more impervious or which have impenetrable coverings may require 

^1 several hours or even days. Lee, assuming that melted paraffin 

^^ will penetrate as quickly as cold oil, takes as a guide the length of 

^B time required to clear the object in cedar oil. 

^H Cautions. — a) Do nol have the bath too hoi. Cooked tiaaues are 

^K worse than useless. 
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b) To keep material clean, it is well to have a false bottom of 
paper in the vessel containing paraBin. Make this by swinging a 
strip of white paper into the cup so that the loop of the paper is 
lubmerged in paraffin and the ends attached on either side to the 
luth of the cup. 
7. Prepare paper boxes according to the following instructions: 

A small rectangular block of wood or a stick with a flat end measuring 
approamately 15X20 mm. is used. Cut a strip of stiff glazed paper so that 
it measures about 4X7 cm. Place the flat end of the block in the center of 
the paper with its long diameter coinciding with the long diameter of the 
pafier. Fold the narrow side margins of the paper up along the sides of 
the block first, then do likewise with the ends of the paper. Turn the ears 
which have been formed at each corner back over what is to be the end 
of the box, and then fold the long end of the paper back to hold the 
ears in place, and also to make the end of the box of the same height as 
the sides. Manifestly, any size of box may be made by varying the size 
of the block. With a little practice the same kind of hox may be folded 
Ijrithout the use of a wooden block. See, however, memorandum 14, p. 45. 

§ 8. With a warm, wide-mouthed pipette transfer sufficient melted 
I»rafiin to a paper box to cover the bottom, then, with warm forceps, 
remove the tissue to the box. Next, fill the box with melted paraffin. 
Orient the object with heated needles if necessary. As soon as the 
paraffin has congealed sufficiently for the surface to become opaque, 
cool it rapidly by plunging it into cold water; otherwise the paraffin 
will crystallize and become unauited for sectioning. Many workers 
ifer alcohol instead of water for hardening the paraffin block, 
aste alcohol may be saved for this purpose. 

Cautions.— a) Tissues must be oriented (i.e., placed in proper 
position for cutting) while the paraffin is stifl in liquid condition. 
Arrange the tissue so that it will be cut at right angles (transverse) or 
parallel to the surface of the organ. Avoid obhque sections as they 
are very pussUng. For present purposes of practice cut transverse 
sections. 

b) If whitish-looking patches are present in the block after 
imbedding, they are probably due to xylol which has been carried 
over into the parafhn. If they occur in the immediate vicinity of the 
object, the block should be placed in the bath again until melted, and 

object should be reimbedded. 
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c) Be sure that every piece of lisaue is marked after it is in 
Tissues are sometimes kept in paraffin for months or ev 
before they are finally sectioned. To mark, scratch the number of 
the record card in the paraffin or, better, write it on the paper box 
and leave the box in place. 

CUTTING SECTIONS 
9. Study the paraffin microtome (e.R., Fig. 28 or Fig. 29); identify 
the parts and learn how the thickness of sections is controlled. 



- twx I 




10. Proceed with the block of paraffin containing the intestine. 
Make it fast to the carrying disk of the microtome in the following 
manner: Remove the disk from the machine and, by means of a 
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steel spatula or copper wiie flattened at one end, melt a 
small chip of paraffin on to it. Likewise warm the end of the 
paraffin block and quickly press it into the Jiielted paraffin on the 
disk. Cement it firmly in place by means of the heated wire or 
spatula and cool in water. 

11. With a sharp scalpel trim the free end of the block so that 

(presents a perfectly rectangular outline ()|Dwever, see caution c). 
be length should exceed the breadth by at least one-fourth. 




Cautions. — a) In trimming do not cut farther back than the 
base of the object. This leaves a wide shoulder for support. 

b) Leave a margin of about 2 mm. around the object. 

c) To avoid reversing sections in mounting, it is frequently 
Ltageous to have the imbedding-mass trimmed unsymmetri- 

The edge which first comes in contact with the knife is left 
longer than the opposite edge. One may thus readily discover when 
a section or part of a series has been turned over. 

12. Mount the object firmly in the microtome. It should just 
:. The flat end-surface of the paraffin block should 
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be parallel to the edge of the knife, and the block so oriented thi 
cutting, the long edge will meet the edge of the knife squarely. 

13. Place the knife in position with the handle to the Bide away 
from the wheel {if a rotary microtome is used). By means of the 
adjusting screws tilt the cutting edge slightly toward the object so 
that the side of the knife will not remain in contact with the paraiEn 
block after a section has been cut. If the knife has a flat under sur- 
face it requires more tilt than if the surface is hollow ground. For a 
flat under surface the tilt should l>e about 9 degrees from the per- 
pendicular. See that the knife is held firmly in place. 

Caution. — The knife should be kept in its case when not in 
the machine. The edge is very easily injured. 

14. Set the regulator ao that the microtome will cut sections 
about 10 microns thick. A micron is one-thousandth of a milli- 



15. Unloose the catch which locks the wheel and revolve the 
wheel with the right hand. A few revolutions should bring the 
block of paraffin into contact with the knife. As each new section 
is cut, it displaces the last one and if the paraffin is of the proper 
consistency unites by one edge with the displaced section. Thus a 
ribbon or chain is fonned. When the ribbon becomes of sufficient 
length, support the free end by means of a hair brush held in the left 
hand. To prevent breaking the ribbon avoid pulling it taut. Vari- 
ous ribbon-carriers have been devised for attachment to the micro- 
tome. The best of these is the cylindrical carrier made by the 
Spencer Lena Co. according to the suggestions of Dr. C. E. McClung. 
For an inexpensive, home-made form of this see Hance, Anatomical 
Record, X, No. 8 (June, 191S). 

Caution.— Never bring a needle or other hard object near the 
edge of the knife. If the paraffin does not ribbon properly, consult 
the table at the end of this chapter. 

16. When a sufficient number of sections have been cut, care- 
fully place the ribbon on a piece of paper. Protect it from draughts 
of air which will carry away or disarrange the sections. 

17. Cut the ribbon into strips of such length that they may be 
placed in successive rows one above the other under the cover-glass 
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that is to be used. Allow oue-fourth for the expansion of the ribbon 
when heated. Mark out on a sheet of paper the exact size of the 
covcF'^Iass 30 that there can be no mistake in cutting strips of 
the proper length. A margin of 2 or 3 nun. should be allowed for 
the cover. 

18. Place a small drop of albumen fixative on a clean glass slide 
(for cleaning see memorandum 14, p. 156), and spread it evenly over 
the surface, except the end which is to bear the label (see step 10, 
p. 49). With a clean finger rub off all of the fixative that can be 
easily removed so that only a very thin film remains. 

19. Flood the slide with a few drops of distilled or albuminized 
{p. 23) water until the entire surface bearing the fixative is covered 
by a thin layer of water, but do not put on sufiicient to overflow 
the edge. Some workers use albuminized water alone for affixing 
sections. 

20. Take up the first strip of paraffin ribbon with a brush or 
needle and float it on to the surface of the water. The first section 
of the series should be in the upper left-hand comer, but back at 
least 10 mm. from the end of the slide. In case the label is to be 
placed on the left end of the slide, allowance must be made for it, 
of course. Add the successive strips of the ribbon in the order of 
the lines of a printed page until as many rows are in place as will 
conveniently he under the cover (see step 17, p. 40), allowing for the 
proper margins. See that each section presents the same aspect 
to the observer as its predecessor (see step 11, c, p. 39). 

21. Warm the slide gently until the paraffin flattens out and 
becomes free from wrinkles. Be careful not to melt the paraffin, 
for heat sufficient to do so will render the albumen useless. It is 
safer to heat the slide by placing it upon the warm paraffin oven for 

kfew minutes, instead of holding it above a flame. 
22. Drain off the excess of water and set the slide away to dry 
_Aer properly numbering it with your glass-marking pencil. As 
the water evaporates, the sections are drawn down tightly into the 
film of fixative. If, after drying, air is present under the sections 
it may be seen from the glass side of the shde. The slide is seldom 
sufficiently dried under fi hours. It is well to leave it 12 hours; it 
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may be left indefinitely. The time may be shortened by placing a 
few thicknessea of blotting paper under the slide and drjing it on the 
paraflSn oven or in an incubator. Unless the slide is perfectly drj- 
and the ribbon fully spread, the sections will float off during sub- 
sequent treatment. Take precautions to prevent particles of dirt 
from settling upon the surface of the sections. This is usually accom- 
plished by placing the sUdes upon some kind of a rack and covering 
them with a bell-jar. Prepare several other slides in the same mAnner 
as the above if sufficient of the ribbon remains. 

Note. — As time permits, cut the other sections' whicli are imbedded in 
paraffin. When, as in the present case, it is not necessary to have a complete 
aeries of sections, you may place fewer sections on a slide and use smaller coven. 

When a small cover is to be used, place the sections at the cent«r of the 
slide. The center may readily be determined by drawing the outline of a slide 
on a card and connecting the opposite comers of the fi^re by means of diagonal 
lines. When mounting, place a slide over the diagram; the inteisection of the 
diagODols shows the center. 

At this point Ike student should make a carefxd study of Appendix A 
if he is not already thoroughly acquainted with the optical principlu 
inwdved in microscopy. 
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1. If Paraffin Becomes Dirty it should be melted and filtered 
heated metal funnel. 

2. Oil of Cedar, if used for dealcohoUzation before imbedding, should 
be followed by at least two changes of paraf&D or the paraffin does not 
thoroughly replace the oil aod the object is likely to drop out of the sections 
as they are cut. In my experience thia is the commonest difficulty which 
begimiers encounter if they use cedar oil tor dealcohohzation. For thia 
reason xylol or chloroform is reconamended as preferable for general work. 

3. Objects Imbedded in Paraffin may be preserved in that form indefi- 
nitely. It ia one of the most convenient ways, in fact, of preserving materia! 
which is to be sectioned In paraffin. 

4. Small White Objects, if not stuned before imbedding, should be 
tinged with a tUlute solution of Congo red to facilitate orientation. For 
orientation in general see p. 126, memorandum 1. 

6. With Delicate Tissues it is necessary that the transition from alco- 
hol to clearer be gradual, hence it is best to add the clearer, a little at a 
time, to the last alcohol, transferring it with a pipette to the boltom of the 
alcohol. See also "drop'' method, pp. 18 and 152. 
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6. The Temperature of the Laboratoiy must be taken into account when 
sectioning in paraffin. In summer use a harder, in winter a softer, paraffin. 

7. For Thin Sections use a hard paraffin, for thick sections, a softer 
paraffin. 

8. For Valuable TisBues Which Crumble in Paraffin Alone the following 
somewhat tedious process (Mark, American Nalwalisl (18851, P- 628) may ■ 
be resorted to. Prepare a very fluid collodion in ether-alcohol and coat the 
exposed surface of the object immediately before cutting each section. If 
the collodion leaves a shiny surface or produces a membrane when applied 
to the par^Sn, it is not thin enough and must be further diluted with ether- 
alcohol. Apply the collodion with a brush with all excess of the fluid wiped 
away so that the brush is just moist. The fluid should touch only the face 
of the block in which the object is exposed. After applying, wait a few boc- 
onds for the solution to dry before cutting. See also memorandum 9. 

9. Johnson's Paiaffin-Asphalt-Rubber Method for brittle objects is a 
very useful one. One part of crude India rubber cut into very small pieces 
is mixed with 99 parts of bard paraflin which has previously been melted and 
tinged to a light amber color with a small amount of asphalt ("mineral 
rubber"). The mixture is then subjected to a temperature of 100° C. (not 
higher) for 24 to 48 hours, or left in a paraffin oven at 60° C. for several days. 
Use only the supernatant fluid. It is allowed to cool and remain cold until 
needed, because the rubber separated out after a time if the mixture continues 
melted. Johnson {Journal of Applied Microtcopy, VI, 2662) recommends 
it as even better than paraffia for all kinds of work for which paraflin is 
commonly employed. Proceed as in the ordinary method, using xylol (.not 

Bandar oil) for dealeohoUzation and also for clearing sections. 

' 10. Keep All Parts of the Microtome clean and well oiled with watch 
oil or pure paraffin oil of 25° C. The instrument should be covered when not 
in use. 

II. Keep the Microtome Knife Sharp. It should receive frequent strop- 
plngs. For sharpening the knife two hones are commonly used. 

Honing.— li the knife is very dull it is first honed on a Belgian yellow 
hone, an open-grained stone which cuts the metal of the knife rapidly. 
The surface of the stone is kept moist with filtered kerosene oil or lathered 
with palm-oil soap. After the nicks and other inequalities of the edge of 
the knife have been removed, the honing is best finished on a good fine- 
grained blue-water stone. 

In honing, the stone is laid flat on the table with its end toward the 
operator and its surface properly lubricated. A very dull knife is ground 
at first on the concave side only until it develops a fine "wire edge" along 
the full length of the blade. It is then ground on each side alternately 
until the mre edge has disappeared completely, In grinding, the knife 
must remiun flat on the hone and pass hghtly over the full length of the 
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surface, edge foremost in & diagonal directiuo from point to heel, although 
itself remaining at right angles to the long axis of the hone. The honing 
has been siJRcient when all nicks and wire edges have disappeared and the 
knife, instead of catching and hanging when the edge is drawn lightly across 
the ball of the thumb, freely enters the moist epidermis. Finally the blade 
is wiped clean with a soft cloth, great care being taken not to injure the edge. 

Some workers prefer to uae first a yellow Belgian hone wetted with a 
moderately thick soap solution, then an Arkansas stone with a thin oil, 
Hatdcsty (Laboratory Guide for Histology, p. 186) usesonly a white Arkansas 
stone with oil. 

Strop-ping. — A broad firm strop of finest calfskin is best. It should be 
affixed to a solid back so that it will not spring and thus round off the dehcate 
edge of the knife. 

In stropping, the motions are the same as in honing (both sides of blade), 
only the knife passes back foremost and from heel to point. The blade 
must move lightly over the surface of the strop with verj- sUght pressure 
on the part of the operator. The stropping is ordinarily considered sufficient 
when the blade will cut a loose hair freely along every part of the edge. 
An examination under a low power of the microscope should reveal no nicks 
in the edge. 

12. To Remove Pigments and to Bleach Osmic and Chromic Add 
Materials, a 3 per cent solution of peroxide of hydri^en frequently is suffi- 
cient. Tissues left too long in this liquid 




Mayer's chlorine method is one of the 
best for bleaching. To several crystals of 
chlorate of potash in a glass tube a few 
drops of hydrochloric acid is added. 
When the greenish fumes of chlorine 
appear, add from 5 to 10 c.c. of SO per 
imbcdd'iaa-aift^is'^''' '" * '"' '""''""« cent alcohol. The object, which in the 
meantime has been standing in 70 per 
cent alcohol, ia transferred to the tube. From 15 minutes to 24 houn an 
required for bleaching, depending upon the nature of the material. It is 
well to suspend the object from the mouth of the bottle. Sections on the 
slide may be bleached in a few minutes. This method is especially recom- 
mended for removing natural pigments and for bleaching osmic mateiiaL 
13. Large Objects May Be Cut in Paraffin better with a slanting knife 
than with a square-set one. The block of paraffin must be trimmed to a 
three-sided prism with its most acute angle farthest from the object. A 
sliding microtome is used ordinarily and the block of paraffin is so oriented 
that the knife enters at the sharpest angle of the prism. Each section as 
out is removed with a brush. 
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14. Metal or Porcelaui "L's" Are Frequently Used Instead of Paper 

:es for molding parafiin blocks. The two L's {Fig. 30) may be placed 
tther on a Boall gla.ss or metal plate in such a way as to mold blocks of 
ze. Before pouring the melted paraffin in, the inner walls of 
the me.j.1 pieces should be lightly smeared with glycerin so that the block 
of paraffin will easily separate from them when cool. Many workers, 
particularly for small objects, imbed in a wateb-glasa and harden under 
alcohol. 
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[CULXmS LIKELY TO BE ENCOUNTERED IN SECTIONING IN 
PAJRAFFIH, AND THE PROBABLE REMEDY 

1. Crooked RibbooB. — a) Usually caused by wedge-shaped sections. 
Correct by trimming the block of paraffin so that the edge which strikes 
the knife first and the edge on the opposite side are strictly parallel. See 
that the block strikes tbe knife exactly at right angles. 

b) The paraffin may be softer at one end of the block than at the other. ' 
This can be corrected oidy by imbedding the object over again in a homo- 
geneous parafiin. 

2. The Object Makes a Scratching Noise on the Knife or Cuts with a 
Gritty Feeling and the sections perhaps crumble and tear out from the paraffin. 

a) This is generally caused by too high heating of the object while in 
the paraffin oven. Not only is such an object worthless, but it endangers 
the edge of the microtome knife. Correct by limiting the bath in parafHn 
to the minimum time necessary for a proper penetration of tbe object and 
keeping the temperature barely above the melting-point of the paraffin. 

b) The fixing reagent has formed crystals (e.g., corrosive sublimate) 
which have not been thoroughly washed out. 

See also 5 (p. 46). 

3. The Sections Wrinkle or Jam Together; the object itself may be corn- 
id before the knife. This is a serious fault because the arrangement 

tit the parts of a tissue is greatly deranged. It may be due to various causes. 

a) The microtome knife may be dull. Examine the knife and sharpen 
it if necessary. 

b) The paraffin may be too soft. To remedy this defect employ one 
or more of the following means: (1) cool the paraffin block in water; (2) cut 
the sections in a cooler room; (3) cut the sections thicker; (4) reimbed in 
harder paraffin. See also memorandum 11, p. 47. If sections are not too 
badly wrinlded they may be flattened out by warming on water as directed 
in steps 19-21, p. 41. 

c) A possible reason is that the tilt of the knife is insufficient (see step 
13, p. 40). 

rf) The edge of the knife may be smeared with a layer of paraffin. Clean 
the edge mth a cloth moistened in xylol. 



^^pvease* 
^•rfthei 



DDject 



^w^^^^ Animal Micrology 

4. Th« Sections Roll and Refuse to Ribbon. — This is one of the most 
exasperating of all defects. If the sections are not tightly curled, they 
frequently unroll when placed on wann water (step 19, p. 41). \*arious 
mechanical devices have been constructed to prevent this evil, but most 
of thera are impractical. Sometimes when a section begins to roll, if the 
edge is held down by means of a flat-pointed hair brush the curling can be 
overcome. If a ribbon can once be started, the difficulty is frequently 
corrected. The sections should be cut rapidly. 

a) The commonest cause of rolhng is the hardness of the paraffin, 
This may sometimes be remedied by one or more of the following 
means: (1} warming the knife mth the breath; (2) cutting in a 
warmer room; (3) placing a lamp or burner near the imbedded object; 
(4) warming the knife very carefully by holding the back on a warm 
p&rafBn bath; (5) cutting the sections thinner; (6) reimbedding the object 
in softer paraffin; (7) dipping the end of the block in melted 
paraffin. 

b) The tilt of the knife may be too great (step 13, p. 40). 

c) The knife may be dull. 

5. The Sections Split Longitudinally or Are Crossed by 
Scratches. — a) Look tor a nick in the edge of the knife. Cut in a new place 
on the knife or sharpen it. 

6) A bit of grit may have gotten into the object or the paraffin, or there 
may be a hole in the paraffin. Reimbed after carefully cleaning the object 
in the clearing fluid. 

c) Tissues may contain hard substances (lime salts, silica, crystals 
precipitated from fixing reagents) which have been imperfectly washed 
out. It is best to take an entirely new piece of tissue in which these defects 
do not exist. 

d) The tilt of the knife may be too great (step 13, p. 40), or the trouble 
may be due to loose paraffin on the edge of the knife. 

e) The object may be too large to cut in paraffin. Try smaller pieces 
of tissue or use the celloidin method. 

6. The Knife Scrapes or Rings as It Passes Back uver the object after 
having cut a section. 

a) This is sometimes caused by a knife with either too great or too little 
tilt (step 13, p. 40). 

6) The object may be too tough or hard to out in paraffin without 
springing the edge of the knife (see 7, b, p. 47), 

c) The blade of the knife may be too thin. 

7. The Sections Vary in Thickness; the machine eut^ one thick 
thin or misses a section. 

a) This may be caused by the imperfect mechanical construction of th« 
machine. Old machines in wliich the parts are worn are especially liable 
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ito this defect. It may be remedied to eome extent by tightening up the 
f parte of the machiae. 

b) The object may be too hard for the knife to cut and, as a consequence, 
h the edge of the knife springs. When tough or hard objects must be cut, 

n old microtome knife or a sectioning razor. See if there is not some 
s of softening such a tissue without obscuring the microscopical atruc- 
s sought. 

c) Either too great or too little tilt may cause the defect (step 13, p. 40). 

d) See that the disk bearing the object is securely clamped in the machine. 
8. The Object Crumbles or Drops Out of the Paraffin as Cut.— It lias 

I probably been insufficiently penetrated by paraffin. Some of the following 
precautions may prevent the defect: (!) Leave the object in the paraffin 
bath longer. (2) See that it is entirely free from the dealcoholiiing fluid 
before placing it into the melted paraffin. Objects which have been inuneraed 
in cedar oil are particularly subject to this defect. For this reason xylol is 
better than cedar oil for dealcoholizatlon in general work. (3) If the object 
is impervious to paraffin or very friable, as are many ova, some other method 
must be tried. Consult memoranda S and 9; see also the celloidin method 
(chap, viil or the combination celloidin-paraffin method (memorandum 8, 
p.&i). 

g. Tbe Ribbon Twists or Curls About or Clings Closely to the Side of the 
Knife. — ^This is due to the electrification of sections. If tbefautt is excessi\-e, 
it is best to postpone the cutting until the atmospheric conditions have 
changed. The difficulty may be minimued by using a drum ribbon-camer 
(see at«p IS, p. 40). 

10. Tbe Cat Section Catches Oa and Clings to the Block as it returns 
instead of remaining on the knife. Probably the knife ia dull or its edge is 
dirty; the tilt (step 13, p. 40) is insufficient; the parafBn is too soft, or 
the room temperature is too high. 

11. A Sim|de Cooler for use with the microtome, which facilitates the 
preparatioD of thin paraffin sections and is especially useful in a laboratory 
where the temperature is high, is described by Grave and Glaser in the 
Biological BuUetin for September, 1910. The apparatus "is essentially a 
holloiw truncated pyramid, open at both ends, and suspended in an inverted 
poeitioQ from a standard, so adjusted that the lower end of the shoot is at 
a convenient distance above the knife. At the upper end of the inverted 
pynunid, and surrounded by it, ia a tray whose dimensions are less than those 
of the base of the shoot. This tray ia filled with crushed ice, and from one 
comer of it a drain leads the water to the escape from the lower end of the 
air-channel. At that pomt a rubber tube connects the pipe with a suitable 
receptacle." Grave and Glaser recommend the following as a convenient 
aiie: base, 12-5X8-7in.; truncated apex. 6' 1X2-1 in.; meBsiu«ments of 
ice-tray, 8-8X3-3 m. 



CHAPTER VI 
THE PARAFFIN METHOD: STAINING AND MOUNTIl 
I. STAINING WITH HEMATOXYLIN 

Place enough of the following reagents in tall steuder ( 
or Coplin staimug-jars to cover the slides lengthwise, up beyond 
the sections affixed to them: xylol, absolute, 95, 70, 50, 35 per cent 
alcohols respectively, clear water, acid alcohol, and, for washing out 
the acid alcohol in the case of hematoxylin preparations, a separate 
jar of 70 per cent alcohol to which a few drops of a 0.1 per cent 
aqueous solution of bicarbonate of soda has been added. Arrange 
these reagents in a row in the order named with the exception of the 
acid alcohol and its accompanying alkaline alcohol wash of 70 per 
cent alcohol, which may be placed immediately back of the ordinarj- 
70 per cent alcohol. Put a little vaseline along the upper edges of 
the jars containing absolute alcohol and xylol and press the cover 
down tightly to prevent evaporation or the entrance of moisture. 

In like manner place in Coplin stainiug-jars (tall stenders will 
answer) a supply of Delafield's heraatoxj'lin diluted one-half with 
distilled waCer, eosin, Lyons blue, alum-cochineal, Congo red, and 
solutions A and B for the iron-hematoxj-lin method. Arrange these 
stains in a row back of the alcohol series. 

1. Remove the paraffin from the sections of intestine {see last 
lesson) by placing the slides in xylol (turpentine will answer) for 
10 or 15 minutes. The process may be hastened by first gently 
warming the slide until the paraffin begins to melt. 

2. Remove the xylol from the sections by transferring the a 
to absolute alcohol for 1 minute. 

3. Pass the slides through the alcohols (95. 70, 50, and i 
cent), leaving them for a half-minute in each. 

4. Remove to Delafield's hematoxylin for 10 to 30 minu^ 
until stained a pronounced blue. 

5. Wash in water for 5 minutes. 
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6. Pass the slides up through the series of alcohols to 70 per 
cent, leaWng them about half a nuDute in each alcohol. 

7. Dip each slide for from 30 seconds to 5 minutes into the acid 
alcohol until the sections are of a reddish hue, then rinse them in 
70 per cent alkaline alcohol until the blue color is restored. Thia 
last alcohol must be kept very slightly alkaline through the occa- 
sional addition of a few drops of a 0. 1 per cent solution of bicarbonate 
of soda (see memorandum tO, p. 55). The alkaline alcohol may be 
omitted when other than hematox>'lin stains are used, as its purpose 
is merely to restore the blue color of the latter. 

8. Pass the slides through 95 per cent alcohol (3 minutes), 
absolute alcohol {5 minutes), into xylol for 10 minutes or until clear 
(see memorandum 3, p. 55). 

9. Carefully drain off all excess of the clearer from a slide, wipe 
the under side, and lay it down fiat with the sections uppermost. 
Put a few drops of thin balsam on the sections near one end. Take 
up a clean cover-glass and, holding it by the edges between the 
thumb and first finger of one hand, lower it upon the balsam by 
bringmg one end into contact with the slide near the balsam and 
supporting the other end by means of a needle held in the free hand. 
Lower the cover slowly so that as the balsam spreads, no air bubbles 
will be inclosed under the gla£8. If a slide is lilted a tittle and 
allowed to remain in that position small bubbles will frequently 
work out unaided. They may sometimes be removed by pressing 
gently above them with the handle of a needle and gradually working 
them to the edge of the cover-glass. Keep the sUde in a horizontal 
position until the balsam hardens. 

CAtmoN. — Do not allow the sections to become drj- before adding 
the balsam and cover. 

10. Attach the permanent label. It should contain at least tbe 
following data: the number of the record card (p. 5); the name of 
the tissue; the kind of section (plane of section, thickness, etc.); 
if one of a series, the number of the shde in the series and the number 
of the first and last section on the slide; the date, and if deared the 
name or the initials of the preparator. It is well to add the thicVnefls i 
of the cover-glass (see also memorandum 23, p. 58). 
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It is best to have the label on the left end of the slide, as it will 
then not be in position to obscure the scale of the detachable mechani- 
cal stage so widely used on microscopes today. 

Note. — Prepare four slides each of the other objects which have been 
imbedded. Stain and mount one of each kind as you did the intestine, and abo 
one of each kind in the eame way, only substitute alum-cochineal for Ihe hema- 
toxylin. The alum-cochineal may require 12 hours or more for staining. Pre- 
serve the others for double staining. 

As time permits, prepare and section the other tissues which were fixed in 
alcohol and in Bouin'a fluid. After you have had the preliminary practice in 
double staining, stain and mount these as you prefer, 

n. DOUBLE STAINING IN HEMATOXYIiN AND BOSIN 

1. Proceed according to the regular schedule with one each of 
the slides reserved above, and stain iu Delafield's hematoxylin. 

2. Wash the sections in water, and proceed farther according 
to the regular schedule to 95 per cent alcohol. 

3. Transfer the slide to the eosin stain for 30 to 60 seconds, and 
after rinsing again in 95 per cent alcohol, place it in absolute alcohol. 

4. Clear in xylol and mount in balsam. 

Note.— The sections should show both the blue stain (in nuclei) and the 
red stain (in cytoplasm) when examined under the microscope. If either is too 
dense or too light, make a note of the fact and vary the time accordingly whea 
staining other sections by this method, 

m. DOUBLE STAINING IN COCHINEAL AND LYONS I 

1. Pass the remaining reserved slides through xylol i 
alcohols, descending to 35 per cent alcohol. 

2. Stain in alum-cochineal for from 6 to 12 hours, or untflT 
sections are well colored. 

3. Rinse in water or 35 per cent alcohol, and pass the sections 
up through the alcohols to 95 per cent. If the sections are deepl)- 
stained, however, remove the excess of stain with acid alcohol (a few 
seconds) when the sections are in 70 per cent alcohol. 

4. Stain for 10 to 20 seconds in Lyons blue. It is very easy to 
overstain with this dye. 

5. Rinse in 95 per cent alcohol, Eind transfer the sectioas i 
lute alcohol (5 minutes), clear in xylol, and mount in h 
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' IV. STAnnnG with HSIDEHHAIirS mOH-HEMATOZYUH 

This stain la veT>' valuable in the study of cell division and in 
determining the finer structure of the nucleus. The irou-alum acts 
as a mordant, preparing the tissue for the action of the hematoxylin. 

1. Prepare two seta of sections of intestine, testis or ovarj-, 
bladder, pancreas, and stomach. The sections should not be over 
6 or 7 microns in thickness. Preserve one set for double staining. 

2. Pass the other set tbrough xylol, absolute alcohol, 95 per cent 
alcohol, and thence directly into water, 

^3. Transfer from water to the tron-olum, and allow this solution 
act for from 30 minutes to 1 hour. 
4. Rinse in water 5 minutes. 

5. Stain in the 0.5 per cent hematoxylin 1 hour. If a trace of 
the iron-alum remains in the sections the hematoxylin will turn bUek. 

rs, however, does not impair its power of staining. 
6. Rinse in water 5 minutes. 
7. Place the sections into tron-alum again, whieh will now extract 
lae excess of stain. The time required for proper difierentiation 
varies with the kind of tissue and the fixing agent that has been used. 
Prom 10 to 30 minutes is usually sufficient, though no definite time 
limit can be set. Remove the slide from the iron-alum from time 
to time and inspect it. When the sections become of a dull-grayiah 
hue the decolorization is usually sufficient. If very accurate results 
are necessary, the slide shoaM be removed from the iron-alum 
frequently, rinsed in water, and examined under the microscope. 
When in a dividing cd] the cfaromGeomes become sharply defined, 
the decoloriatioa should be Bto|iped. 

8. Waab in running water for 20 minutes or in several changes 
of water for 2 hours. If any of the iron-alum is left in the sectioDa 
the color will Cade later. 

9. Wipe off the excess at water, transfer the slide to 95 per cent 
alcohol, followed by absolute akohol and xylol. 

10. Motmt in balsam. 

Ktna. — In»-he— loatyfai » pcrfu^ the aoe nMst impottuit suiu in d 
tod^. Tbe >UideU dMoU pnctiee tlw met&od vratil he has mastered it. 
is hettt* thoogli BM afaiolMeljr (Mintiil that the ■tarn be "ripe." 



Animal MicT 

For demoQstratioD of centrosomes and finer cytological details, the time of 
staining may require to be lengthened. In my own cytological work I &nd that 
2 to 4 hours in iron-alum foUowed, after rinsing in water, by hematoxyhn foT 
12 to 34 hours, yields better results than does the shorter method. 



V. mON-HEMATOXYLIN WITH OTHER STAINS 

Use tbe sectionb which were reserved for this method. The 
method is identical with the one just outlined, except that between 
step 8 and step 9 the following directions should be inserted: 8a, 
transfer the sections from water to Congo red for a minute, or to 
orange G for 2 hours, then wash them in water and proceed to 
step 9. 

HoTE.— Before proceeding farther, hUl a fvmaU eat or rabbit to teevrr tunei 
for the celUridin methoil and to correct failures in the paraffin method, la addition 
to th€ Hn'ies gpeeified beforr, prepare IJix in Zenker's fluid) pieces t^ lendim, carti- 
lage, spleen, lymph gland, pancreas, and saHvary glands. (If the rea^enU an at 
hand and time permits, Ike student, indeed, might aduaniageoualy prepare a number 
of tissues according to the methods indicated in Appendix C.) Fix the ovary in 
Bouin's fluid, and reserve it for the paraffin method for delicate objects. Fix partt 
of the brain and cord in Zenker's and in formalin as previously indieaied, and 
place bits of mxtsde in which nerves terminals plentifidly (e.g., intereostaU) in 
formalin. Larger pieces (up to 2 cm.) may be ■used of ruch tissues at are to be 
imbedded in ceUoidin. Bear in mind that the Uiger the tissue Iht longar mutt ii 
be left in tiie different reagents. Select the necessary parts of the digestive tract to 
prepare loagiiudiniU aectiont in celloidin from esophagus to stomach and from 
stomach to intestitu. As soon as possible begin the preliminary steps in the celloidin 
method (ehap. vii) so that there may be tto loss of lime. Prepare a piece of intestine 
for staining in bulk (see vi). /( should be placed in the slain after t/iorovghly 
washing out the fixing reagent. Preserve parts of it to cut in celloidin. Remaie 
the lower jaw and prepare il for decalcification of teeth (as indicated in chap. xi). 
lAkeurise prepare pieces of femur and of tarsal bone, for secHoning (chap, tij.^ 



VI. STAINING IN BULK BEFORE SECnOimTG 






It is sometimes desirable to stain objects before sectioning. 
Tbe method is a slow one, and requires stains which penetrate evenly 
and thoroughly. Various preparations of carmine and cochineal 
give the best satisfaction, although several hematoxylin stains are 
also frequently used in this way. It is best to stain immediately 
after fixing and washing out, before the object has been carried into 
higher alcohols. In general, it is advisable to section tissues and 
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1 on the slides, because the staining can be controlled more effec- 
tally. Use the piece of intestine already prepared (see note, p. 52). i 

1. After fijong in Zenker's fluid and thoroughly washing according j 
the directions on p. 28, place the tissue in Delafield's hematoxylin 

§for 24 hours. 

2. Wash in 33 per cent alcohol for 5 minutes, followed by 50 
and 70 per cent alcohol, 20 minutes each. 

3. Decolorize in acid alcohol 20 to 30 minutes, or until the color 
ceases to come away freely. Restore the bluish-purple tint by treat- 
ment with alkaline alcohol. 

4. From this point proceed through 95 per cent alcohol, absolute 
alcohol, xylol, and imbedding, sectioning, and mounting precisely 
as in the general paraffin method, except that after the sections have 
been freed from paraffin in xylol, do not mount immediately in balsam, 
but firBt transfer the sUde back into absolute alcohol, and thoroughly 
wash it in order to remove the glycerin from the fixative and so 
prevent cloudiness of the final mount. From alcohol the slide is 
passed through xj'Iol. or carbol-xylol, and mounted in the usual way, 

Xcnv. — When MTtun of the canniiies or hematoxylina are UKd u sUiiu 
for entire objectB, the pieparktioos UBU&Uy ne«d to be decoloriied with acid 
alcohol. This may be deferred, however, until «ft«r the objects are sectioned. 

Vn. PARAFFin MSTHOD FOR DEUCATE OBJECTS 
To prevent the distortion of delicate objects which are to be 
aediooed in p&raffin, the transition of the material from one reagent 
to the other must be very gradual and the heat be minimised. Ob- 
serve the following modifications of the general method and prepan 
pieces of ovary which have been fixed in Bouin's fluid. 

1. Pass the object in the usual manner up through the series 
of alcohols to abeolnte. It is sometitnes necessary to use a more 
closely graiied series of alcohols if the object be very deUcate. See 
also the "drop" method (memorandum 6, p. 152). 

2, From the abeolute alcohol pass to a mixture of absolute alcohol 
two-thirds and chloroform one-third; gradually add more chloroform 
until at the end of an hour the mixture is at least two-thirds chloro- 
form. 



i 



3. Transfer to pure chloroform for 30 minutes. 

4. Add melted paraffin little by little during the course ( 
hour or two (24 hours will do no harm), until the chloroform will 
hold no more in solution. 

5. Transfer the object to pure melted paraffin in a smalt vessel 
OQ the paraffin oven for 10 to 20 minutes, changing the paraffin once. 
Imbed in the usual way, 

6. Cut the sections about 7 microns thick. Mount and stain 
some in Delafield's hematoxylin and eosin and others in iron- 
hematoxyUn and Congo red or orange G, according to the directions 
already given for these methods. 



Note.— For very sensitive objects Schulti'a dehydrating apparatua (to be 
obtained from dealers) may be used. It consiata of a tube within a tube, each 
having the lower end covered by an animal membrane. The tubes are suspended 
in the neck, of a much larger bottle which contains 95 per cent alcohol. The 
object is placed in the inner tube and both tubes are filled with wal«r. When 
suspended in the alcohol, a very gradual hardening or dehydration of the object 
takes place as the alcohol slowly diffuses through the membrane. Sometim«a 
it is necessary to use only one tube, and in such a case the hardening proceeds 
more rapidly. 



Vm. EUPARAL AS A MOUNTING- AND PRSSERVATION-BSEDIDM 

This reagent, introduced by Gilson, has been highly extolled hy 
various workers as a final mounting-medium, although most still 
prefer balsam or damar for general work. Two forms, colorless and 
green, are obtainable from Griibler. The green is used only with 
hematoxylin stains, which it intensifies. One of the merits of euparal 
is that deUcate tissues may be mounted in it directly from 95 per cent 
alcohol, thus avoiding the expense and the risks of passage through 
absolute alcohol and the essential oil. Another value lies in the fact 
that, because of its lower index of refraction (1.483), unstained or 
faintly stained elements which are invisible in balsam (index, 1 .53S) 
are rendered visible. It thus becomes particularly 3er\'iceable in 
the study of spindle fibers and other such delicate cytolopcal ele- 
ments. It hardens rapidly, hence preparations can be used within 
24 hours. It is well for the beginner to try It along with o^ 
methods. 
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MEMORANDA 

1. In Passing from One Liquid to Another, une comer of the slide 
bearing sections should first be touched by blotting paper to remove any 
excess of the liquid last used. This is especially necessary- in Iranaferring 
from absolute alcohol to xj'lol, or from 95 per cent to absolute alcohol. 

2. Sections Once Placed in Turpentine or Xylol for the removal of par- 
affin must never in any subsequent step be allowed to become dry. Par- 
ticular care must be taken to prevent sections from drying out after removing 
them from xj'lol to mount in balsam because the x\-lol evaporates rapidly. 
If the sections become dry the preparation is usually rendered valueless. 

3. Xylol Used for Remonng Paraffin should be kept in a jar separate 
from that which contains xylol for clearing before mounting, and it should be 
changed occasionally because it tends to become saturated with paraffin. 

4. Sections Not over lo Microns Thick may be plunged directly from 
95 per cent alcohol into an aqueous medium and vice versa. If sections 
are over 10 microns thick it is better to put them through the complete 
series of alcohols. With thick sections diffusion is lees rapid, and too abrupt 
a change from one fluid to another may produce distortions or wrench the 
sections loose from the slide, 

5. To Avoid Rabbing Sections ofl the Slide, hold the slide with one end 
toward the light before wiping it and glance obliquely along the surface. 
The shiny side is the one to wipe. 

6. The Series of Alcohols and Stains ordinarily may be used a number of 
times without repleuishing. When the alcohols become very much dis- 
colored or the stains cloudy, they should be renewed. Alcohols should 
not be used too oft«n, however, as they soon accumulate particles of dirt 
which settle upon the sections and render preparations unsightly. 

7. Absolute Alcohol must be kept free from water. It may be tested 
from time to time by mixing a few drops with a little turpentine. If the 
mixture appears milky the alcohol contains a harmful amount of water 
and should be renewed. 

8. Two Slides Placed Back to Back can be handled as readily as a single 
slide in passing through the various Uquids. Various kinds of slide-baskets 
or slide-holders, which enable one to transfer a number of slides through 
liquids at one time, may be obtained from dealers. 

9. Gentle Agitation of a Slide in any liquid faciliutes the action of the 
liquid. Obsene thia precaution especially with absolute alcohol. 

10. For Washing Sections after Staining in Hematoxylin tap water is 
preferable to disiiUed water because it is usually slightly alkaline. When 
icid alcohol is u.sed to decolorize sections stained in hematoxylin, the sections 

1 be washed in 70 per cent alcohol rendered alkaline by the addition 
Ba few drops of 0. 1 per cent solution of bicarbonate of soda. The alkali 
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neutralixes the acid and restores the bluish-purple color to the section; it 
also readers the blue color more permaneat. If too much of the soda is 
added the color will be a hazy disagreeable blue, 

1 1. To Obtain a More Precise Stain with Delaheld's hematorylin, it i£ 
well to dilute it with three or four times its bulk of distilled water, The 
sections must be left in this solution a correspondingly longer time. Sec- 
tions stwned in this way may not require treatment with acid alcohol. 
Most workers, however, prefer to overstain and decolorize. 

12. The Length of Time Required for Staining Different Tissues is 
exceedingly variable. Upon removal from the stain after rinsing, if the 
sections are insufficiently colore'!, put them back into the stain and examine 
them from time to time until they are properly stained (30 minutes to 24 
hours). 

13. If Objects Refuse to Stain, it is usually due to one of the following 
causes: (a) The fixing agent has not been sufficiently washed out. This is 
a fi^uent cause of poor staining, (b) The fixation has been poor. The 
success of a preparation depends largely upon proper fixation in most cases. 
(c) The stain is at fault. Hematoxyhn will not stain properly until ripe 
(see "Hematoxylin," p. 9). Many stains, especially the anilins, deteriorate 
and must be replaced, (d) Certain stains will not follow some fixing agents. 
This can be remedied only by using a different stain or by fixing tissues in a 
different fluid. The hematoxylins and carmines are applicable after a very 
hu^e variety of fixing agents, (e) The paraffin has been insufficiently 
removed from the sections. This may be corrected by dissolving off the 
cover-glass in xylol and, after tlioroughly remo\-ing all paraffin, restaining 
and mounting the sections again in the ordinary way. 

14. Use Only Clean Slides and Covers. — Always grasp a slide or a 
cover by its edges to avoid soiling its surface. All cloudiness (seen by 
looking through the glass toward some dark object) must be removed. For 
wiping shdes and covers, a piece of cloth which does not readily form lint 
should l>e used. A well-washed Lnen towel is good, as is also bleached 
cheesecloth cut into pieces the size of a handkerchief. Slides may often 
be cleaned after simply dipping them into alcohol or into alcohol followed by 
water. If this treatment is insufficient, place them for several hours into 
equal parts of hydrochloric acid and 95 per cent alcohol, keeping them wdl 
separated so that the liquid may act on the entire surface of each. Then 
rinse them in water and place them in ether-alcohol. It is well to keep a 
stock supply of such shdes and cover-glasses in ether-alcohol. 

To clean a cover-glass, grasp it by the edges in one hand, cover the 
thumb and first finger of the other hand with the cleaning-cloth, and nib 
both surfaces of the glass at the same time. To avoid breaking the cover, 
keep the thumb and finger each directly opposite the other. A large cover- 
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'fjsas may be cleaned by rubbiog it between two flat blocks which have been 
wrapped with cleaoing-cloths. 

To clean slides which have been used, if balsam mounts, wann and plac« 
in xylol or turpentine to dissolve off the covers. Put the slides and covers 
into separat« glass or porcelain vessels and leave them for a few days in the 
following cleaning mixture: 

* Potassium bichromaW 10 parte 
Hot water 50 parte 
Sulphiuic add SO parta 

In making, add the acid very cautiously- after the bichromate solution 
cools. When the slides are freed from balsam, wash them in water, rinse 
in a dilute solution of caustic soda, again in water, and finally place them in 
ether-elcc^ol until needed. 

lo. If Sectioiu Appear Milky or Hazy under a mediiuu power of ttie 
microscope, whoi finally mounted, the effect is probably due to one of the 
following causes r (o) The clearer is poor and needs replenishing or correcting. 
(6)Theafasolutealcoholcontainswater (see memorandum 7, p. 55). (c)The 
cover bore moisture. Passing a co-er-glasa quickly through a flame before 
putting it on to the object will remove moisture. (<i) The acid has not been 
entirely removed from the aectioDg. (e) Too much albumen fixative has 
been used. (J) The glycerin of the albumen fixative has not been removed 
by paeaing aectioos <A objects stained in bulk (see vi, 4, p. 53) back into abso- 
lute alcohol after removing paraffin from them. 

The drfect nay be remedied frequently by dissolving off the cover in 
xylol or tuipeotiDe, descending through the series of reagente to the point 
whtn the holt lies, correcting and ascending again according to the regular 
method. To iczDove water, for example, it b only necessary to go baek 
as far as abaohite alcohol which has a great afbnity for water. 

16. D17 or Didl-L(KAaiic Areas UDdeT Ibe CoroT'^HaH indicate that 
the sections were aDoved to giet diy after tfae nauml from the clearer, or 
that insoffident balsam was ai^died. 

17. Deficale Black Ffaia in aeetioiu of tivae fixed with a mereatie fixer 
are due to dtpcwtion tA toBnaty. Remove with iodized alcohol before 
staining. 

IS. nalMiiiTriiiiliriiwli iifium iiiiilii Hm rumi iiiiji 111 III miMliiff aitli 
an old knife after it hardots. Remove the laat traces hy meaaa of a bmdi 
or a doth dipped in turpentine or Tf\6L Balsam m^ be removed Cram the 
surfaoe of a eovcr by means of a bnidi dipped in xyloL 

19. a Sectiew Tadt off tfae SSde the defect is probably due to one of 
the following caosn: (a) The slide waa aoiled or oily. Bemedy by d 
slidea tfaoraqitfy (see 14, p. 56). (ft) The 1 
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(c) The traoaitious in the alcohol have been too great. This is true some- 
times of thick sections, (d) The paraffin ribbon was not thoroughly spread 
whea mounted (see p. 41). 

Tliick sections are more likely to come off the slide than thin ones. To 
avoid this, the sections may be collodionized by placing them, after the 
paraffin has been removed, in a thin solution of collodion or celloidin in 
ether-alcohol (J gram in 100 c.c. of ether-alcohol; see 4, p. S) for a few 
minutes and then transferring them to 70 per cent alcohol. If carmine 
dyes are to be used, this method is not satiafactorj', as carmine staina 
collodion. 

20. Flooding Sections with the Dye by means of a pipette, especially 
in case of sttuns which act rapidly (e.g., eosin, acid fuchsin, Lyons blue, 
picric acid, etc.), is sometimes more convenient than immersing the 
sections in a jar of the sUuning fluid. SmaU bottles with combination 
rubber stopper and pipette (Fig. .31) are now provided for this purpose 
by dealers. 

21. Balsam Mounts in Which the Stain Has Faded may 
frequently be restained, either with the original or with other 
stains. All that is necessary is to dissolve off the cover in xylol 
(2 to 3 days) and pass the preparation down through the 
alcohob to the stain in the usual manner. 

22. Ink for Writing on Glass (Hubbert, Journal of Applied 
Microscopy, V, 1680). — Mix drop by drop 3 parts of a 13 per 
cent alcoholic solution of shellac with 5 parts of a 13 per cent 
aqueous solution of borax. If a precipitate forms, heat the solu- 
tion until it clears. Add enough methylen blue to color the 
mass deep blue. 

Professor Robert F. Griggs uses common water-glass (an aqueous solu- 
tion of sodium silicate or potassium silicate) with an ordinarj- steel pen- 
After marking, the elide is heated until the water-glass decomposes, leading 
behind a rough, sandy surface, which when rubbed away shows the wTitten 
characters etched on the slide. 

"Diamond ink" obtainable from Eimer & Amend is useful for wnting 
on glass. When not in use it is kept sealed with paraffin, See ako p. I, 
"Carborundum Points." 

23. More Detailed Labeling than that indicated ou p. 49 is sometimes 
desirable. For well-devised schemes see Richard E. Scanunon, "A Method 
of Recording Embrj'ological Material," Kansas t/nirersiYy Science BuUelin, 
IV, No. 5 (March, 1907); also Robert T. Hance, "A System for Recording 
Cytological Material, Slides and Locations on the Slides," Tranaactitma oj 
the American Microscopical Society, XXXV, No. 1 (January, 1916), 

24. For Orientation of Objects in the bnbedding-Mass, see p. 126. 



CHAPTER VII 

THE CELLOIDIN METHOD 

Use the tissues which were prepared (p. 52) for this method, 
including pieces of the brain and spinal cord which were fixed in 
Zenker's fluid. Reserve a piete of spleen for the freezing method 
(p. 67). 

1. Fixing, washing, and dehydrating are the same as usual 
(chap. ill). If the object is in 70 per cent alcohol, complete the dehy- 
dration by using successively 95 per cent and absolute alcohol. It 
should remain in the absolute alcohol for from 12 to 24 hours. 

2. From absolute alcohol transfer the object to equal parts of 
absolute alcohol and ether 12 to 24 hours. 

3. Next to thin celloidin (reagent 20, p. 12) for from 36 hours 
to several days or weeks. 

■ 4. Thence to thick celloidin for from 24 hours to several days, 

Ktt may be left for weeks. 

' Thorough dehydration and thorough infiltration are the great 
essentials for success with the celloidin method. Some workers 
prefer to use a graded series of celloidins, such as Ij, 3, 6, and 8 per 
cent, leaving the object in each for from 24 hours to several days or 
even weeks. 

5. Prepare a wooden block (see memorandum 3, p. 63} in such 
a manner that it will have surface enough to accommodate the object, 
learing a small margin, and length enough to be readily clamped into 
the carrier on the microtome (Fig. 32). Dip the end of the block 
to which the object is to be attached into ether-alcohol for a minute 
and then into thick celloidin. Let it dr>' so that later air bubbles 
will not work up out of the wood into the imbedding mass. 

6. Oil one side of a strip of stiff paper by rubbing on a very little 
vaseline, and wrap it, oiled surface in, about the prepared end of the 
block in such a way that it will project beyond the end of the block, 
forming a collar high enough to extend a little beyond the object 
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e placed within it. Tie the paper in place by means of a 
thread. 

7. Pour a small amount of thick celloidin into the paper cup thus 
formed and with forceps remove the piece of tissue and place it in 
celloidin. Add more thick celloidin until the cup is full. By means 
of needles which have been moistened in ether-alcohol arrange the 
.object 30 that it will be cut in the desired plane. 

Instead of being mounted in blocks, objects may, after saturation 
thick celloidin, be placed in proper position in a glass dish and covered with 
'Qiick celloidin. The dish is then loosely covered aj)d placed under a bell-jar 
BO that the ether will gradually evaporate, leaving the mass, in a day or two, of 
proper consistency for cutting. Each specimen is then cut out in a block of 
suitable siie for sectioning. For fastening to base, see memorandum 5, p. 63. 

8. Into a sniall stender dish put chloroform to the depth of 3 mm. 
len a film has formed over the exposed surface of the celloidin 

place it in the chloroform to harden. It need not be submerged. 
Keep the vessel tightly covered. The object may be left for a day 
or two, but 1 to 3 hours usually suffices. 

9. Transfer the block to 70-83 per cent alcohol, where it may 
remain indefinitely. 

10. Make a careful study of the microtome used for cutting 
celloidin (F^. 32). 

11. Place the block in the object-carrier of the microtome at 
the proper level and arrange the microtome knife obliquely, so that 
it will slice through the object with a long drawing cut for at least 
half the length of the blade. If the object is oblong it is advantageous 
to have the long diameter parallel to the edge of the knife, 

12. Keep both the knife and the object flooded with 70 per cent 
alcohol, preferably from an overhanging drop-bottle. 

13. Draw the knife through the object with a straight steady 
pull; avoid -pulling down on or lifting the knife-carrier. 

14. If the feed is not automatic push the knife back to position 
always before turning the screw which raises the object. Cut the 
sections about 13 or 20 microns thick. If they curl they are best 
unrolled on the surface of the knife with a camel's hair brush just 
before they are wholly cut free from the block. 
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15. As the sectiona are cut, transfer them by means of a small 
soft brush or a paper spatula to a fiat stender or a watch-glass con- 
taining 70 per cent alcohol. 

16. Transfer some of the sections through 50 and 35 per cent 
alcohol, 2 minutes each, into alum-cochineal for from 20 to 30 minutes, 
or until stained (12 to 24 hours). 

17. Wash successively in 35, 50, and 70 per cent alcohols, leaving 
the sections from 2 to 3 minutes in each. 

18. Transfer the sections to 95 per cent alcohol for 3 to 5 minutes. 
Absolute alcohol is not to be used with celloidin because it dissolves 
the celloidin. 

19. Clear in cedar oil or beechwood creosote for from 10 to 20 
minutes. 

20. Mount in balsam (see step 9, p. 49). 

STAINING CELLOIDIN SECTIONS IN HEMATOXYLIN AND BOSIN 
The objects are killed, fixed, and preservetl aa usual in 70 per 



1. Fifty and 35 per cent alcohol, each 3 to 5 minutes. 

2. Delafield's hematoxylin, 20 to 30 minutes, or until staiiu 

3. Water, 5 minutes. 

4. Thirty-five, 50, and 70 per cent alcohol, each 3 to 5 minutes. 

5. Acid alcohol, until the celloidin which surrounds the object 
shows but little of the stain. 

6- Seventy per cent alcohol, barely alkaline (see memorandum 
10, p. 55), until the red color caused by the acid is replaced by bluish 
purple. 

7. Alcoholic eosin, 30 seconds to 1 minute. 

8. Ninety-five per cent alcohol, 2 to 5 minutes. Clear in 
oil or beechwood creosote and mount in balsam. 

Note, — Ah time permits, section other tisaues by the celloidin melhod and 
Htiun OB above. 

MEMORANDA 

1. If Cblorofoim Is Not at Hand, 80 per cent alcohol will harden the 
celloidin, although more slowly. 

2, The Length of Time that objects should be left in ether-alcohol & 
the celloidin mixtures depends upon the size and density of the objects. 
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When time permits, it is always best to leave them several d&ya or even 
weeks in the mixtures of celloidin. For large objects such as the medulla 
of a large brain this is a necessity. For an embryo of large size months 
may be requil^. 

3. Blocks for Celloidin Mounting may be of whit« pine, glass, vulcaniEed 
fiber, or even a very hard paraffin. Cork should not be used because it ia 
liable to give or bend. The vulcanized fiber is the most satisfactory. It 
may be purchased from dealers in the form of strips which may easily be 
sawn to the necessarj' dimension. It is well to saw several parallel cuts into 
the upper edge of the block to provide points of attachment for the celloidin. 

4. Other Clearers may be substituted for cedar oil or creosote. One 
which clears from 95 per cent and which does not dissolve celloidin must be 
chosen. Other good clearers are: (1) origanum oil; (2) a mixture of 3 parts 
of oil of thyme and 1 part of castor oil; (3) Eycleshymer's clearing fluid, 
which is a mixture of equal parts of bergamot oil, cedar oil, and anhydrous, 
carbolic acid. 

5. Imbedding a Number of Objects in one mass is frequently convenient. 
Fold a stiff paper into a box of the proper size (step 7, p. 37) or use metal 
L's (Fig. 30). Pour in thick celloidin, put the objects in place, and orient 
them properly for cutting. Leave a space of about 8 mm, between adjacent 
objects. Fill the box with thick celloidin and set it in a dish containing a 
Uttle chloroform, or leave it in 80 per cent alcohol to harden. When ready 
to proceed, cut the large blocks into smaller ones each cont^ning a piece of 
tissue. To fasten it to the wood, trim the small celloidin block to the proper 
dimensions, soft«n for a few minutes in ether-alcohol the side to be attached, 
then dip it into thick celloidin and apply to the end of a wooden block which 
likewi.se has been dipped into the ether-alcohol and the thick celloidin. 
E'ress the two together and phice them in chloroform or 80 per cent alcohol 
to harden (see also note under step 7, p. 61). 

6. Anilin Dyes are usually avoided in the celloidin method because they 
stain the celloidin intensely and are not removed in subsequent treatment. 
When necessary, however, some (e.g., eosin) may be used. Safranin, for 
example, may be removed satisfactorily from the celloidin by means of acid 
alcohol without extracting all the stain from the tissue. If anilin dyes have 
been used, it is sometimes better to remove the celloidin by treating the 
sections with absolute alcohol or with ether before the final clearing and 
mounting (see memorandum 15, p. 6ti). 

7. Relative Merits of the Paraffin and the Celloidin Methods. — Celloidin 
is good for large objects, for brittle or friable objects, and for delicate objects 
which heat would injure. It does not require removal from the tissues 
ordinarily, hence it holds delicate structures together permanently. Some 
tissues are not rendered so hard and so difficult to cut as in paraffin. How- 
ever, very thin sections cannot be obtained except by great skill. The 
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method, moreover, is extremely alow. The paraffin method is comparatively 
rapid, serial sections may be cut and mounted with ease, and very thin 
sections may be obtained. Large objects do not section as satisfactorily 
as in celloidin, although up to 10 mm. or even considerably greater diameter 
they cut readily. The rule is to use the parafiin method when you can. 

8. For Brittle Objects, a Combination of CeUradin and Paraffin bifil- 
tration sometimes proves successful (see, however, memorandum 9, p. 43). 
The method is too tedious for ordinary use, although it must sometimes be 
resorted to with friable or delicate objects such as eggs. 

According to Apathy's method, as reported by Komhauser {Science, 
July 14, 1916), fixed material is dehydrated as usual, finally passing through 
three changes of absolute alcohol into ether and alcohol, where it is left & 
hours. It is next put into 2 per cent celloidin for 24 hours, then 4 per cent 
celloidin for 24 hours, and ultimately imbedded in 4 per cent celloidin and 
hardened in chloroform vapor for 12 hours. The block is then quickly 
trimmed, leaving a margin beyond the object of a few millimeters on every 
side, and put into Uquid chloroform for 12 hours. It is next transferred to an 
oil mixture made up by weight instead of volume as follows: 



Chloroform 4 parts 

Origanum oil. . .'. 4 parte 

Cedar-wood oil 4 parts 

Absolute alcohol 1 part 

Carbolic-acid crystala 1 part 



tube" 



Anhydrous sodium sulphate should be kept in the bottom of the tube 
to take up any water brought in, in the celloidin, 

The block must remain in this oil mixture until it clears and sinks; this 
may take from 3 days to a week. It is next washed in three or more changes 
of benzol to remove oUs and alcohol, then infiltrated in paraffin, imbedded, 
sectioned, and mounted in the usual way. In subsequent handhng, slides 
should not be left for any great length of time in absolute alcohol, as it will 
dissolve out the celloidin. 

9. To Transfer Celloidin Sections from the Knife, it is an excellent plan 
to use a paper spatula; a bit of postal card held in the cleft end of a small 
Hfdck answers very well. Press the paper down evenly on the section and 
then slide it off the edge of the knife. The section adheres to the paper. In 
carrying loose sections from one fluid to another an ordinary section-lifter 
may be used, or a glass rod around which the section is allowed to curl 
answers verj- well. 

10. Objects Stained in Bulk May Be Cleared While Tet in the Block, 
then sectioned, and mounted without passing back into the alcohols. Aft«r 
the block of celloidin has hardened sufiiciently in chloroform it is transferred 
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directiy to the clearer (cedar oil, or a mixture of oil of thyme 3 parts and 
castor oil 1 part). In cutting objects thua cleared the knife must be flooded 
with the clearer instead of alcohol. Do not allow the sections to become dry. 
If it is desired to use this method for a celloidin block which has ah-eady been 
presen'ed in 70 to 83 per cent alcohol, the block must pass through 95 per 
cent alcohol (1 to 2 hours) before it is placed in the clearer. 

11. Collodion instesd of Celloidm is used by some workers. Celloidin, 
in fact, is a patent preparation of collodion, which is a solution of guncotton 
(pyrosylin) in ether and strong alcohol. Thin and thick solutions arc 
employed and the method is in every respect similar to the celloidin method. 

12. Fixing CeUoidin Sections to the Slide is accomplished (1) by cover- 
ing the sections, when mounted in proper order, with a strip of tissue paper, 
which is then bound fast by wrapping thread around it. Lee (Micwiomial's 
Vade-Mecum, 7th ed., p. 125) recommends (2) the albumen method for 
celloidin sections as well as for paraffin. (3) If the sections on the slide are 
carefully flooded with 95 per cent alcohol two or three times, this drained 
oft and followed by a small amount of ether-alcohol or ether fumes until the 
edges of the sections begin to soften perceptibly (10 to 20 seconds), the 
sections will generally adhere to the slide sufficiently when the celloidin 
become hard ^ma upon exposure to the air (30 seconds) after the ether- 
alcohol has been drained off; they must then be immersed in 95 per cent 
alcohol before any further steps are taken. 

13. For Serial Sectiona in Celloidin some one of the so-called plating 
or sheet methods will be found most satisfactory. That of Linstaedt 
{Anatomical Record, November, 1912) is among the best. It is a modifica- 
tion of the ceDoidin sheet method suggested by Huber for paraffin sections 
and of Weigert's method for serial sections in celloidin. 

Plates of glass, thoroughly clean and of suitable size (e.g., 5X7 inches), 
coated on one side with the following solution and allowed to dry; 

Saccharose 3 grams 

Deitrin *. 3 grams 

Distilled water 100 C.e, 

To which aa a preservative is added a bit of thymol. 

When the sugary layer is thoroughly dry, coat it with a 4 per cent solu- 
tion of celluloid in acetone. A number of such sheets may be made up and 
kept dried if dedred. 

Afl aec^ons are cut, place them in the desired order on the celluloid sheets, 
moistening from time to time to prevent drying out. Frilling may be pre- 
vented by brief treatment with absolute alcohol. When the plate is Med 
with sections, blot with a sraooth-aurfaced toilet-paper, then, in order to 
fix the sections lo the celluloid, spray by means of an atomizer witb a 1 to 2 
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per cent solution of celloidin in ether and alcohol. Wben it is p&rtially dry 
immerae the plate In 70 per cent alcohol, then ia water. The water will 
dissolve the sugary solution and the celluloid sheet bearing the sections will 
float off. The sheet may be preserved indefinitely in 70 or 80 i>er cent 
alcohol, or etaiocd, cleared, and mounted at any time by any of the methods 
suitable for ordinary celloidin sections. Strips may be cut and mounted 
serially on properly numbered slides. 

For another "sheet" method see Bohm, Davidoff, and Huber, A Tat- 
book of Histology, 1910, p. 40. 

14. Gilson's Rapid Celloidin Process (Lee, The MtcrotoJiist's Vade- 
Mecum, 7th ed., p, 112) is valuable under some circumstances because of 
the great saving of time. After dehydration the object is saturated with 
ether and finally placed into a test-tube containing thin celloidin. The lower 
end of the tube is then dipped into melted paraffin and allowed to remain 
there untU the celloidin solution has boiled down to about one-third of its 
original volume. The mass is then mounted in the ordinary way, hardened 
for an hour or more in chloroform, and cleared in cedar oil. Sections are 
cut as directed under memorandum 10 above. 

15. Celloidin May Be Removed from Sections when necessary by passing 
them through absolute alcohol into ether and alcohol or oil of cloves for from 
5 to 10 minutes, then back through absolute to ordinary alcohol. 

16. For Orientation of Objects in the Celloidin Mass see p. 126. 




CHAPTER VIII 
THE FREEZING METHOD 

1. Use a piece of apleen which has been properly fixed and later 
preserved in 70 per cent alcohol. Transfer it through 50 and 35 
per cent alcohol succeeaively to water, and wash it for 12 hours in 
running water. 

2. Place it into a gum and syrup mass for 24 hours (a saturated 
solution of loaf sugar in 30 c.c. of distilled water, added to 50 c.c, 
of gum mucilage. Prepare a supply of gum mucilage by dissolving 
60 grams of best gum acacia in 80 c.c. of distilled water). 

3. Examine the freezing microtome carefully (Fig. 33). 

4. Remove the gum and ayrup mixture from the outside of the 
tissue with a cloth, put a little gum mucilage (not gum and syrup) 
on the freezing disk of the microtome, and place the tissue in it in 
such a way that longitudinal sections through the hilum may be cut. 
Surround the object with gum mucilage and set the freezing apparatus 
to going. If carbon dioxide is used, open the valve ver)' cautiously, 
and let only & small quuitity of the gas escape. 

NoTS. — Calboo dioxiile is commonly uaed for cbuging sodn water and b«T. 
It may b« purcfaased in itoa cyliudera oont&ioiiiK about 20 pounds of the liquefied 
gas. The cylinder, when empty, ie exchanged for a charged one, to that ibe 
purchaser payi only for the ccwitents. The Bardetn microtiHne (Fig. 33) may 
be screwed directly upon the carbon-dioxide irjUnder wb«D the latter is in a 
I, or, if desired, the cylinder may be placed vertically and the 
p attached by means of an L-shaped piece of heavy tubing. Thia 
e has the advantage over the common forms of freedng minotomes 
of wasting lev gaa aod of greater freedom from clogging. It is advantageous to 
have an eztr» kng handle to the key which is us«d for opening the escape ralve 
of the cub(m-<i>oxide cylinder. 

Small tubes of ccmpresaed cartwn dioxide, sufficient for one <m' two freesin^ 
may aometiiDcs be oblamed from stom carrying automobile supplies. Tbcae 
can be utilised in aptaatioBm witae immediate ■*"F"™» by means of sectiMU m 
required. 

5. As BOOn as ti>e gum is froxen, continue to add more until the 
tissue m eaaxpkHieiy covered and froseo. 
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6. Work the microtome acrew with one hand and plane off sections 
(15 to 20 microns thick) with the other. The well-sharpened blade 
of a carpenter's plane is the beat instrument for cutting. It must be 
frequently stropped. 



Note. — The blade should be n 
be graaped easily and firmly with t 
knife aboutd aet squarely on the gltu 




>unted in a abort, broad haodle, which may 
e hand. In cutting, the bevel edge of the 
ways of the microtome eo that the handle 
of the knife is inclined toward the operator 
at about an angle of 45 degrees from the 
perpendicular. The band guiding the 
knife should be firmly supported i^ainat 
the chest while pressinf; the cutting edge 
steadily against tlie glaffl ways of the 
microtome. The cutting stroke is made 
by bending the body forward from the 
id thus forcing the blade squarely 



across the suHace of the tisue. 



^^r ^^^^^^^^^^1^ The blade must be kept cold to 

^H ^^^^B^^H^^^^^k sections from sticking to 

^H ^^^^K KKtSKS^ ^^^^ i^' If ^^^ sections Sy off or roll, 

^^k l^^^^l ^^^ tissue is probably frozen too 

^^1 Hr '9 hard. The same defect may arise 

^^■^^^ dAiriL ^ there is insufBcient syrup in the 

^^^^^^L JB^^BL ^"^'^ n'ith which the tissue has been 

^^^^^^H ^^HHII saturated. Tocorrect, let the tissue 

^^^^^Bl ^^HX^ thaw a little, and if it is still at fault, 

^F Via. 33, — Bardeon Onrboa-Dioiide soak it aeain in a mixture which 

^M FrecEliig Microtome , . 

H The ireeiina chamber cooMini a contains a greater proportion of 

H pM^ng^^S^dioidSep^^'l^^^r^ syrup. Work rapidly, so as to 

^H the maximum traexlDE powor. The . .. . , 

^M knile illd« on glan guldee. The Bneat CUt sections m qmck SUCCeSSlOn. 

^B Several sections may be allowed to 

^H collect on the blade before they need be removed. 

^M 7. Transfer the sections to distilled water. The water should be 

H changed several times to dissolve out the gum. Reserve a few sec- 

^M tions in water for later use (step 11, p, 69). 

^M 8. Immerse a few of the sections for 10 to 30 minutes, or until 

m stained, in Delafield's hematoxylin, then wash them in several chai 
of tap water. 
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9. Transfer the sections through the successive grades of alcohol 
(decolorizing with acid alcohol if necessary) up to absolute alcohol, 
leaving them 2 minutes in each, after which remove them to xylol for 

, 5 minut«s or until clear. If deaired, stain with eosin (30 to 60 
x^onda) after 70 per cent alcohol. ■• 

10. Remove one or two of the best to a slide, drain off the exceee of 
llQ^lol, add a few drops of babani and a cover-glass of suitable size, and 

label. 




Pio. 34. — Ellipr nr Utilgiilini' I'n.iMinj Att»criaient 

II. Remove the sections reserved in step 7 (p. 68) to a test-tube 
ooQtaining a small amount of water, and shake the test-tube vigor- 
ously for a minute or two. Tbfe removes the lymphocytes from the 
sections, and exposes the reticular connective tissue so that it may 
_ be examined. Dehydrate the sections and mount in baUam. 

MEMORANDA 
1. Pndi'nMnesAreFrequentlySectionedby Ihcfreeziugmethod. The j 
■ue may be tranafeired directly to the disk of a microtome without ptevi- ■ 
B imbedding, and eectioned after freezing. This affords a ready me 
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of rapidly determimng the nature of a given tissue, and is very servioeable, 
especially to the pathologist. The principal objection is that crystals of 
ice form in the cells and distort them badly. This is avoided when syrup 
and gum are used for imbedding. 

2. Fixed Tissues may be sectioned by the freeiing method if they are 
first washed in running water for some hours. Even tissue fixed in formalin — 
perhaps the best fixing fluid for tissues which are to be froBen— is better for 
a washing of at least 30 minutes before being frozen. 

3. Sections May Be Preserved in alcohol in the usual way after being 
cut by the freezing method. All trace of gum should be washed out and 
the sections passefl through the grades of alcohol to 83 per cent, where they 
may renuun indefinitely. 

4. Sections of Fresh Tissue May Be Fixed and washed out after cutting 
if desired. This requires but little time, and the sections will take stain 
much more satisfactorily after ha\'ing been subjected to a fixing reagent. 

5. Objects Which Alcohol Would Injure may bo sectioned by the freezing 
method and mounted in 8f]uoouN media, 

6. Ether or Rhigolene Is Sometimes Used for Freezing, although the 
method is more expensive and less satisfactory on the whole than the carbon- 
dioxide method. Fig. 34 shows a common form of freezing attachment used 
for either of these liquids. 

7. Organs or Parts Varying Greatly in Density may sometimes be cut 
more successfully by the freezing than by any other infiltration method. 

8. To Fix Frozen Sections to the Slide, after treatment with absolute 
alcohol, flow a little three-fourths of 1 per cent solution of celloidin in ether 
and alcohol over the sections and drain off at once. After a few seconds 
of exposure to the air, place in SO per cent alcohol for a minute. The film 
of celloidin should be very thin. If it turns white upon immersing in the 
alcohol, the original solution of celloidin was too thick ; it should be thinned 
by adding more ether and alcohol. 
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transfer them into from 20 to 40 times their bulk of fresh silver- 
nitrate solution and leave them in the dark for from 3 to 6 days. 
Change the fluid after the 6rst 12 hours. 

4. Transfer a few of the brown pieces of tissue to 95 per cent 
alcohol for half an hour, renewing it once or twice during this time. 
Leave the rest of the tissue in the silver-nitrate solution for future 
use in case the first attempt proves unsuccessful. 

5. Remove the pieces from 95 per cent to absolute alcohol for 
20 minutes, changing the latter once. Then transfer them to ether- 
alcohol for 20 minutes. 

6. Imbed in celloidin without waiting for infiltration to occur 
(thin celloidin 30 minutes, thick celloidin 10 minutes). Mount 
directly on a block and harden in chloroform for 20 minutes, 

7. From chloroform transfer directly to the clearing fluid (e.g., 
cedar oil), and as soon as clear (30 to 60 minutes) cut sections SO to 
100 microns thick, but keep the knife flooded with the clearing 
fluid instead of alcohol. Cut sections of cortex so that they will be 
perpendicular to the surface of the brain. 

8. When the sections are thoroughly cleared, transfer them to 
a slide flooded with the clearing fluid, select such as prove desirable 
upon microscopic inspection, and discard the remainder. 

9. Replace the oil with xylol, then remove the xylol by pressing 
upon the sections with blotting paper. Add enough thick Canada 
balsam to cover the sections. 

Caution. — Do not put on a cover-glass; moisture must evapo- 
rate from the section. If this is prevented, the metal deposits break 
up and the sections become worthless. 

10. Keep the preparations level and put them away in a dry 
place free from dust. If the balsam runs off the sections, 
balsam must be added at once. Do not attempt to examine under 
a high power until the balsam is thoroughly hardened. 



MEMORANDA 

L A Fuller Account of the Golgi Methods will be found ii 
NeiiTologiad Technique (pp. 55-61), or in Lee's Microlomist's 
(pp. 419-37). 
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I. An Osmium-Bichionuite Mixture is frequently used instead of for- 
n for fixiag fresh tissues. To 85 parts of a 3.5 per cent solution of 
potassium biehromate add 15 parts of a I per cent solution of osmic acid. 
Small pieces (4 to 6 mm. thick) of fresh tissue are placed in 40 times their 
volume of this mixture and kept in the dark for from 12 to 24 hours. This 
fixing fluid is theu replaced by a 3.5 per cent solution of potassium bichro- 
mate, as in the case of material fixed in formalin (see above). From this 
point the method is identical with the one given above, 

3. The Determination of the Elements That Will Be Impregnated 
appears to depend upon the length of time the tissue is left in the 3. 5 per cent 
solution of pota&sium bichromate. Hardesty gives the following lengths 
of time for different structures: neuroglia, 2 to 3 days; cortical cells, 3 to 
4 days; Purkinje cells, spinal cord, peripheral ganglion cells, 4 to 5 days; 
nerve fibers of the spinal cord, 5 to 7 days. Axones are impregnated ordi- 
narily only in so far as they are not medullated. 

4. Mounting the Sections upon a Cover-Glass is preferred by some 
workers. The cover-slip is then fastened over the opening of a perforated 
shde with the section downward. 

5. For Permanently Mounting Golgi Preparations under a Cover-GlasB 
Huber recommends the following method: The sections are removeti from 
xylol to the slide and the xylol then removed by pressing blotting paper 
over the sections. .\ large drop of xylol-balsam is then quickly applied and 
the slide is carefully heated over a flame from 3 to 5 minutes. A large covers 
glass is warmed and put in place before the balsam cools. 

6. The Coz Modification of Golgi's corrosive^ublimate method is widely 
used. It is likely to impregnate nearly all of the cells in the section. This 
may prove to be di.sadvantageous rather than otherwise, however, where 
cells are numerous and close together. Small pieces of nervous tissue are 
placed for from 1 month in summer to 2 or 3 months in winter in the foilowing 
solution: 

IFotaasium bichromate, 5 per cent solution 20 ports 
Corrosive sublimate, b per cent solution 20 parts 
Distilled water 30 to 40 parts 
Simple chromate of potassium, 5 per cent solution 16 parts 
The later treatment is the sanie as for ordinarj- Golgi prepa- 
tions. 

7. Tracbeae of Insects, Bile Capillaries, and Gland Ducts may also be 
studied by the Golgi chrom-silver method. A bit of the wing muscle of a 
bumble-bee is a good object in which to demonstrate the finer ramifications i 
of tracheae. 



I 
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n. OTHER SILVER-NITRATE METHODS 
a) For Nerves (after Hardesty) 

1. Tbe fresh nerve, or^ better, a spinal nerve root, may be obtained 
from a frog which has just been killed. Without stretching the nerve, 
carefully insert beneath it the end of a strip of postal card or similar 
card which has been trimmed to the width of 50 mm. The nerve 
when cut off at each side of the card will adhere to it and remain 
straight and at approximately normal tension. 

2. Chp off the end of the card bearing the nerve into a clean 
vial which contains . 75 per cent aqueous solution of silver nitrate. 
Place the vial in the dark for from 12 to 24 hours. 

3. Transfer the nerve to pure glycerin on a slide and tease the 
fibers apart thoroughly under the dissecting microscope. 

4. Add a cover-glass and expose tbe fibers to sunUght until they 
become brown (30 minutes). 

5. To make the preparation permanent, take off the cover and 
remove the glycerin by means of filter paper, add a few drops of 
warm glycerin-jelly (p. 96), put on a clean cover^lass, and press it 
down. Wipe away the exuded jelly, and when tbe preparation has 
cooled seal the cover with gold size, followed by Bell's cement (see 
steps 5 and 6, p. 95). 

The preparation should show the "cross of Rauvier" and the 
"lines of Fromman." 

b) For the Cornea 

1. Quickly rub a piece of silver nitrate over the cornea of a 
wiiich has been removed from a recently killed frog. 

2. Shce off the cornea and place in distilled water. Brush the 
surface with a camel's hair brush to remove the epithelium (conjunc- 
tivum). 

3. Expose to the action of sunlight or strong dayUght unti 
tissue turns brown. 

4. Wash in distilled water and mount in glycerin, or mount in 
balsam, after proper dehydration. 

If tbe preparation is successful the cells should be strongly 
outlined by the precipitated silver. If desired, after washing, 
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the nuclei of such cells may be stained in hematoxylin according 
to the usual method. 



MEMORANDA 

1. Fresh Membranes are also commonly treated with silver nitrate to 
outline cells. The membrane should be stretched over some smooth sur- 
face, or, better, by means of two small vulcanite rings which fit one into the 
other in such a way as to stretch bits of membrane like a drum-head, and 
hold them fast. Such stretched membrane is first washed with distilled 
water, then agitated in a 1:300 silver-nitrate solution, in direct sunlight, 
until it darkens. It is then washed in distilled water, removed from the 
lings, and mounted in glycerin, glycerin-jelly (p. 96), or, after dehydration, 
in balsam. If preferred, after wasliing it may be stained in hematoxylin 
to bring out the nuclei, and then mounted. 

2. Cajal's Method for Neuioflbrils is widely used. Small pieces of 
nervous tissue are fixed in formalin for 6 hours, washed in water 4 hours, and 
transferred to 40 per cent alcohol for fl hours. They are next kept for 24 
hours in 40 per cent alcohol to which ammonia has been added in the pro- 
portion of 5 drops of ammonium hydrate to 50 c.c. of the alcohol. The 
tissues are then placed in an incubator in a 1 . 5 per cent silver-nitrate solu- 
tion and kept for 5 days at a temperature of 38° C. Next they are placed 
in a mixture of 100 parts of water, 15 parts of formalin, and 1 part of pyro- 
gallic acid or hydrochinon for 24 hours, after which they are ready to be 
passed through graded alcohols into paraffin or celloidin and sectioned in 
the usual way. 

An excellent apphcation of the Cajal method to serial scctious has been 
devised by Malone (Anatomical Recwd, IX [19I5|, 791), who also describes 
how to obtain satisfactory Cajal preparations from sections previously 
stained by the Nissl method. 

3. The Pyridine-Silver Method, a modification of the Cajal method, 
devised as a difEerential stain for non-medullated nerve fibers, has come into 
wide use in American laboratories in the study of various other problems. 
It is often used in the preparation of sections of spinal ganglia, sympathetic 
gangUa, and spinal cord and is the most reliable of the silver sttuns. Rela- 
tively large pieces of tissue can be successfully stained. Ranson's technique 
(Ameriatn Journal of Anatomy, XII [19111, 69) is as follows: "The nerve 
or ganghon is placed in 100 per cent alcohol, with 1 per cent ammonia for 
48 hours (95 per cent alcohol with 5 per cent ammonia will give much the 
same results, but seems more likely to bring out the neurilemma nuclei). 
The pieces are then washed for from i to 3 minutes (according to their site) 
in distilled water and transferred to pyridine for 24 hours, after which they 
are washed in many changes of distilled water for 24 hours. They are theail 



placed in the dark for 3 days in a 2 per cent aqueous solution of silver njtnte 

at 35° C, then rinsed in distilled water and placed for 1 to 2 days in a 4 per 
cent »olutioQ of pyrogaUic acid in 5 per cent fonnalin. Sectiooa are made 
in paraffin, and after mounting are ready for examination." 

For uae of the method in staining and sectioning the entire head of a 
Email aiiinml or embryo, after decalcification, see Huberand Guild, Analomieal 
Record, VII (1913), 253 and 331. For a diacusaioD of the method with bibli- 
ography, soe Hanson, Review of Neurology and Psychiatrii, November, 1914. 



m. GOLD-CHLORIDE METHOD FOR NERVE-ENDINGS 

1. Trace some of the motor nerves of a reptile or mammal to 
where they enter the muscles (intercostals are best), and clip out 
small pieces of the muscle. Use material that has been preserved 
in 10 per cent formalin (see note, p. 52). 

2. Place the bits of muscle in 10 or 12 times their volume of a 
10 per cent solution of formic acid in distilled water and leave them 
for from 30 to 40 minutes. 

3. Transfer the tissue into from 8 to 10 times its volume of a 1 
per cent solution of gold chloride in distilled water for from 30 to 40 
minutes. Avoid direct sunlight. The muscle should become yellow 
in color. 

4. Remove the tissue without washing it to about 25 volumes of 
a 2 per cent formic-acid solution and keep it in the dark until it 
assumes a purple color (24 to 48 hours). When the fibers appear 
reddish violet in color the reduction has gone far enough; if they 
show a decidedly bluish tinge the process has gone too far. 

5. Wash the tissue in several changes of distilled water for an 
hour and transfer a small piece to a slide. Tease the fibers apart 
very carefully under a dissecting lens. Great care must be exercised 
to avoid tearing the nerve fiber from its endings. Examine from 
time to time under a low power of the compound microscope, and 
when a nerve fiber with its termination is found, carefully separate 
it as much as possible from the other fibers. 

6. Add glycerin-jelly and a cover-glass. Seal in the ordinary 
way (p. 95). 

Note. — Tisauea may be dehydrated in the ordinary way and mounted in 
balBtun or imbedded in paraffin or celloidin and sectioned. 



CHAPTER X 

[ ISOLATION OF HISTOLOGICAL ELEMENTS. MINUTE 
DISSECTIONS 
I. ISOLATION 

A. Dissociation by Means of Formaldehyde; ciliated and co- 
epithelium.— 1. Kill a frog and secure the hinder part of the 

roof of the mouth, bits of the brain, and a small piece of the intestine. 
Slit open the latter. Leave the objects for 24 hours in a dissociating 
fluid made by adding , 5 c.c. of formalin to 250 c.c. of normal saline 
solution. 

2. Scrape the roof of the mouth after removal from the fluid 
and mount the ciliated cells thus obtained on a slide. Similarly 
remove some columnar epithelium from the internal surface of the 

^—stomach and mount on another slide. 

^k 3. Add a cover^Iass and examine. If the cells cling together 

Hb clumps, separate them by drumming gently upon the cover-glase 

^Trith the handle of a needle. 

4. Stain by placing a drop of alum-cochineal on the slide just at 
the edge of the cover and applymg a bit of filter paper to the 
opposite edge of the cover. The filter paper absorbs the fluid from 
under the cover and the stain replaces it. Keep the preparations 
under a bell-jar or other cover to prevent evaporation of the 
staining fluid. 

5. After a few hours replace the stain by glycerin in a similar 
^manner. 

6. If a permanent preparation is deaired, the cover-^lass must 
B sealed (p. 95), or, after staining, the tissue must be dehydrated 

i mounted in balsam In the usual manner. 

B. Isolation of Muscle Fibers by Maceration and Tea^ng. — 
. Place small fragments of voluntary musele, of the root of the 

;ue, and of heart muscle of the frog into separate viab containing 

icCallum's macerating fluid (reagent 89, p, 238). After 2 days 
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pour off the fluid, fill the vials about half full of water, and separate 
the fascicles by shaking each vial. Further isolate the fibers by 
teasing. 

Teaeing.^ln teasing, the important tiling to remember is that the 
elements of the tissue are to be separated, not broken up. Both patience 
and sharp clean needles are indispensable. The process is best carried on 
under the lens of a dissecting microscope or a binocular dissector, although 
it may be done without such aid. A background which enables the tissue 
to be seen distinctly should be selected, black for colorless or whit« for colored 
objects. Black-and-white porcelain slabs are made for this purpose and are 
very convenient, A good dissecting microscope has attached beneath the 
stage a reversible plate one side of which is black, the other white. Use a 
small piece of tissue and begin teasing at one end of it. 

2. With the aid of a dissecting microscope carefully tease out 
in water a number of fibers. Use a small piec* and, beginning at 
one end, with both needles separate the piece along its entire length 
into two; likewise further subdivide these until the ultimate fibers 
are isolated. 

3. Transfer some of the fibers through the alcohols and xylol 
and mount in balsam. Stain others in alum-cochineal for some 
hours and mount in glycerin as above. 

C. Maceration by Means of Hertwig's Fluid (Hydra. Testii 
I. The solution consists of: 

0.05 per cent aqueous solution of osmic acid. 1 part 

0,2 per cent acetic acid > 1 part 

Prepare the ingredients for this mixture by diluting the a 
solution (1 per cent) in each case with di8tille<l water. Make a 
separate 0. 1 per cent solution of acetic acid also. 

2. Treat a hydra with the osmic and acetic acid mixture for 3 
minutes and then transfer it to the . 1 per cent solution of acetic 
acid. Wash in several changes of this fluid to remove all osmic acid 
and let the hydra remain in the acetic acid for 12 hours. 

3. Wash in water, stain in alum-cochineal or in acid carmine 
(reagent 38, p. 222) and mount in glycerin as above. If the fl 
are not sufficiently separated, gently tap on the cover-glass. 
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4. Submit small bits of the testis of some animal to the same 
treatment. Stain with methyl green (reagent 60, p. 231) or acid 
cannine (reagent 38, p, 000). 

D. Mall's Differential Method for Reticulum. — I. Cut sections 
of fresh spleen or lymph gland 40 to 80 microns thick by the freezing 
method and digest for 24 hours in the following solution: 

»Pancreatin (Park, Davis & Co,) 5 grams 
Bicarbonate of soda , 10 grams 
Water lOO o.C. 

2. Wash thoroughly in water, then, in order to remove cellular 
debris, shake for some minutes in a test-tube half full of water. 
Spread out on a slide and allow to dry. 
^L 3. Apply a few drops of a 3.5 per cent solution of picric acid in 
^Hl per cent alcohol and allow it to dry on the preparation. 
^B 4. Stain for about half an hour in a 10 per cent solution of acid 
^Bocbsin in 35 per cent alcohol. 

^K 5. Wash in the picric-actd solution (step 3) for a moment, then 
^Kjias through alcohol and xylol and mount in balsam. 

^P n. MimjTE DISSECTIONS 

^ A. Alimentoiy Canal and Nervous Sjstem of Insects. — 1. Carefully 
dissect out the alimentary' canal and the centra! nervous aystem of a cock- 
roach with the aid of tlie dissecting microscope or lens. Wash each by 
gently flooding it with distilled water from a pipette, and then cover it 
with Bouin's fluid or corrosive sublimate (reagent 14, p. 212) for 30 minutes. 
2. Wash in several ohanges of water during the course of half an hour and 
Btatn for 40 minutes or more in borax-carmine. 

^^ 3. Wash in 50 per cent alcohol and decolorize in 70 per cent acid alcohol 

^natil the objects become bright scarlet in color. 

^* 4, Wash in 95 per cent alcohol for 5 minutes and then transfer to absolute 
alcohol for 5 minutes, xylol or turpentine 10 minutes, and mount in balsam. 
Apply cover and label. 

B. Gizzard of Cricket or Katydid.— Pull off the head of a cricket or 
katydid. The gizzard usually remains attached to the head part. Cut 
it open lengthwise, wash out the contents and mount as above, but omit the 
Btaining. The inside should be turned uppermost. 

C. Sting cf Wasp or Bee.^1. Place a wasp or bee in water, cover to 
keep out dust, and let it stand for two or three days until the smell becomes 
unpleasant. 
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2. Wash in clear water aad squeeze the abdomen gently until the sting 
protrudes. With forceps pull it out carefuUy. The poison gland and duct 
should come away with it. 

3. Place the parts removed on a slide and under a lens draw the sting 
out of its sheath by means of a small needle which should be drawn over the 
outer surface of the sheath from the base to the apex of the sting, 

4. Stain and follow out the same subsequent treatment as for II, A, 
above, or mount without staining. It is advisable to compress the object 
between two shdes as soon as the acid alcohol is washed out. The aUdes 
should be tied together and left in 95 per cent alcohol several hours. Then 
proceed in the ordinary way. 

D. Salivary Gland of Cockroach or Cricket. — Let the animal soak in 
water as (or preparation of sting. When sufficiently decayed pull off the 
head carefully with forceps. The esophagus, the sahvary glands, and crop 
usually eome along with it. Stain and mount as for sting. For preparation 
of fresh salivarj' glaiid use the "salivary gland of a Ckironomous \&r\&." 

E. Mouth Parts of Insect. — 1. Place the head of a bee or cockroach 
in 95 per cent alcohol for 2 or 3 hours. Transfer to absolute alcohol for 
30 minutes, and then to cedar oil for 30 minutes to an hour. 

2. Remove the head to a slide and in a drop of the od dissect out the 
mouth parts. Transfer them to a clean slide, remove the excess of oil, and 
arrange them in their relative positions in sufficient balsam to hold them ii 
place, then set the shde aside in a place free from dust until the balsam 
hardens enough to keep the parts from shifting. Make any necessary 
rearrangement. Md more balsam and a cover. 



MEMORANDA 

1. The Cover-Glass May Be Supported by means of small wax feet,' 
bits of broken cover-glass, or fine glass threads when the tissue is too bulky 
to allow the cover-glass to fit down closely to the slide. 

2. A General Rule for Dissociating Tissues is to use small pieces of the 
tissue and not a very great amount of the fluid. 

3. For Minute Dissections clove oil is often a convenient medium. It 
tends to form very convex drops, clears well, and renders the object brittle; 
any or all of which properties may be useful in such dissections. 

4. The Fixation of Pieces of Macerated Tissue (e.g., macerated epithe- 
lium) in 0.5 to 1 per cent osmic acid for an hour or so often proves adv'sn- 

5. Congo Glycerin is recommended by Gage as especially good for iso- 
lated preparatioiis, particularly nerve cells. It is made by dissolving i gram 
of Congo red in glycerin. It acts both as a stain and as a mounting-medium 
The preparation may be sealed (p, 95) if desired. 
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CHAPTER XI 

TOOTH, BONE, AND OTHER HARD OBJECTS 

Sectioning Decalcified Tooth.^1. Kill a cat and remove the 
lower jaw (p. 52). With a fine saw cut out about a quarter of an 
inch of the bone bearing a tooth (e.g., canine), remove as much of the 
surrounding tissue as possible, and place the object in Zenker's 
fluid for I or 2 days. Wash thoroi^hly in water and place in alcohol 
for at least 24 hours. Transfer to nitric-acid decalcifying fluid 
(reagent 10, p. 9). Use a relatively large quantity of the fluid and 
change it each day until the tooth is decalcified (2 to 6 days). It is 
sufficiently soft to cut when a needle can be thrust into it easily. 
Use this test sparingly, however, as it injures the tissue, 

2. Wash it in repeated changes of 70 per cent alcohol until all 
of the acid is removed. 

3. Transfer the object through 50 and 35 per cent alcohol suc- 
cessively to running water and wash for 24 hours. 

4. Cut sections by means of the freezing microtome as directed 
under that method (p. 67), If a freezing microtome is not available 
uee the celloidin method. 

5. After dissolving out alt of the gum from the sections in distilled 
water, stain in atum-cochineal and Lyon's blue (see method, p. 50). 
Dehydrate. Remove one or two of the best sections (through the 
center of the tooth) to a slide, clear, and mount in the usual way in 
balsam. 

6. Stain other sections in 1 per cent osmic acid for 24 hours and 
mount in glycerin-jelly. When the jelly has hardened, seal the cover 
with gold size, and when this is dry add a thin coat of Bell's cement 
(see p. 95). If preferred, dehydrate and mount in balsam instead of 
glycerin-jelly. 

Sectioning Decalcified Bone.— Saw out a short piece from the 
femur of a cat (p. 52). Prepare transverse sections by decalcifying 
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Blue Injection Mass. — Prepare a gelatin mass as directed above. To 
the warm mass add sufficient quantity of saturated aqueous solution of 
Berlin blue to give the desired blue color. If the blue does not dissol\'e, 
add a little oxalic acid to the mixture. The blue niass need not be made 
for the present practical exercise unless the student wishes to undertake a 
double injection as indicated in memorandum 2, p. 87. 

Yellow Injection Mass.— Prepare a gelatin vehicle consisting of 1 part 
of gelatin to 4 parts of distilled water. Take equal volumes of the gelatin 
mass, a cold, saturated solution of bichromate of potassium, and a cold, 
saturated solution of lead acetate. Add the bichromate solution to the 
gelatin and heat almost to boiling; then add slowly, while stirring, the bcAvl- 
tion of lead acetate. 

INJECTING WITH A SYRINGE; SINGLE INJECTION 
A common method of injection, and one which proves satisfactory 
in many instances, is by means of a metal or glass syringe. Although 
not as liesirable in the main as the method of continuous air pressure, 
many good injections may be made by means of the syringe. The 
apparatus consists of a syringe fitted with a stop-cock in the nozzle, 
and a i^eparate tube, known as the cannula, which (its on to the end 
of tlie nozzle. The syringes are made in different sizes, and each is 
provided with an assortment of cannulae to fit vessels of different 
caliber. 

1. Provide yourself with several strong threads about four inches 
in length for ligating blood vessels. Have the red injection mass 
melted and heated to about 50° C. Also have ready some hot water 
to warm the syringe. 

2. Kill a cat or a rabbit by means of chloroform or illuminating 
gas. The latter acts more rapidly and causes less struggle on the 
part of the animal. Work rapidly so that the entire animal may be 
injected while yet warm. Stretch it out in a dissecting pan or tie 
it out on to a board, or, better, keep it immersed in a vessel of warm 
normal saline solution. 

3. Slit the skin along the ventral surface of the body to the middle 
of the neck and reflect it to the right and left aide. Pin it back out 
of the way. 

4. Snip a small hole through the body wall just poeterior to the 
ensiform cartilage. Insert the index finger of the left hand to guide 
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' the scissors and prevent injury to the underlying organs, and cut 
the costostemal cartilages of the right aide up to the first rib. In 
like manner cut the cartilages of the left side up to the first rib. 

5. Ligate the sternum tightly as close to the first ribs as possible 
to prevent leakage from cut blood vessels. 

li- Cut off the apex of the heart and expose the ventricles. The 
left ventricle is seen as a round opening, the right as a slit. 

7. With a sponge wrung out of warm water rapidly absorb the 
blood from the thorax. 

8. Choose the largest cannula that the aorta will admit and thrust 
it through the left ventricle into the aorta. 

9. With a pair of fine-pointed forceps {preferably with curved 
points) pick up one end of a thread for ligating and carefully work 
it through under the aorta (do not mistake the vena cava superior 
for the aorta). Tie the thread around the aorta over the cannula, 
making a double or surgeon's knot. Draw it tightly on the cannula 
so that the latter will be held firmly in place. Run another thread 
through under the aorta and have it in readiness to ligate the aorta 
when the cannula is withdrawn. 

10. Warm the syringe by sucking hot water into it repeatedly, 
then fill it and the cannula with the warm injecting fluid. 

11. Force out a little of the fluid from the syringe to expel all 
air. and connect it carefully with the cannula. 

12. Force the injecting mass into the blood vessels by a slow 
steady pressure. Begin with a very low pressure, so that the large 
vessels will be thoroughly filled before the mass enters the capillaries. 
The pressure should be gradually increased. Avoid sudden increase 
of pressure or too strong pressure, for either may cause a rupture 
of the blood vessels and consequent extravasation. From 8 to 10 
minutes is about the time required to make a good injection of 
the cat. 

13. Examine the intestines and the gums from time to time and 
also the inside of the thigh (from which the skin has been reflected) ; 
they should be deeply colored by the mass before the injection is 
complete. If the mass begins early to flow from the right ventricle, 
the ventricle should be hgated. In any event, it is well to tie the 
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ventricle a few miiiutes before completion of the injection, to insure 
filling of all blood veasels. 

Note. — If the gums remain uncolorod, the oannula has probably been forced 
paat the arteries which lead to the bead. In such k case, complete the injection 
of the trunk and then, if injected tissue from the bead region is desired, cut 
obliquely into one aide of the innominate artery, tie a vautula in place, aod 
inject toward the head as in the case of the aorta. 

14. When the injection is complete, shut the stop-cock, Ugate 
the aort^, or clamp it with pressure forceps beyond the end of the 
cannula and then remove the latter. 

15. Place the animal in cold water or cold alcohol for half an 
hour, then remove pieces of liver, spleen, pancreas, stomach, intes- 
tine, salivary glands, kidneys, and voluntary muscles and harden 
in strong alcohol or in 10 per cent formalin. 

16. When sufficiently hardened transfer the objects to ether- 
alcohol and proceed to imbed and cut in celloidin according to the 
method already given. Make longitudinal sections of the kidney 
parallel to it« flat surface. Cut transverse sections of liver, stomach, 
and intestine, longitudinal ones of the muscle, and sections passing 
longitudinally through the hilum of the salivary glands and spleen, 
The sections should not be under 30 microns thick. Mount 
unstained; stain others in diluted Delafield's hematoxylin 
hemalum. 

MEMORANDA 
1. Apparatus for Continuous Air-Pressure Injections i» now provided io 
many laboratories. If a regular cylinder for air pressure is not present, 
however, anyone with a little ingenuity can readily fit up a suitable apparatus. 
A carboy or large-mouthed bottle which can be tightly corked will answer 
as a chamber for compressed air, a water tap, or a tank of water elevated to 
the height of 7 or 8 feet will provide sufficient pressure. By making the 
proper connections by means of rubber and glass tubing a steady stream of 
compressed air may finally be conducted to a flask containing the injection 
mass; the flask works in the same way as an ordinary wash-bottle (Fig. 36). 
All corks and fittings must be tightly secm^ with wire or strong cord. If 
desired, by adding an extra perforation to the cork in the air chamber, a 
mercury manometer may be added to register the amount of air pressure. If 
a metal cannula is not at hand a glass one may be made as indicated under 
memorandum 9, p. 90. In lieu of a stop-cock, use a pinch-cock on the rubber 
delivery tube. 
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2. A Double Injection of the Vascular System may be made by first 
Enjecting the blue mass until it is seen to flow from the right ventricle, theu 
detaching the tube which conveys the blue mass, and slipping over the end 
of the cannula a tube conveying a red mass. This second mass should be 
in a bottle or flask connected with the pressure bottle by means of an addi- 
tional tube through the cork of the latter, or the two flaaks cont«ning the 
colored masses may be connected with the tube from the pressure bottle by 
means of a Y-tube. Each mast be provided with a pinch-cock or clamp 
to bold back its contents while the other is in operation. If a syringe b 
used, it is better to have a second syringe for the second mass, although one 
will answer if it is rinsed out with hot water before being filled with the sec- 
The second mass should have a quantity of very finely pulverized 
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, — Appantiu tor Continuous ALr-Presaure Injection (after B. G. Smith) 

istarch mixed with it, bo that when it reaches the capillaries they will 
mpletely plugged. Walker uses the red gelatin mass first, then 
follows with a gelatin colored with ultramarine blue. The granules of the 
atter are too large to enter the capillaries, hence a double injection with 
veins red and arteries blue is obtained. 

It should be borne in mind that the larger veins camiot be injected in a 
direction contratT.' to their flow because of the valves they contain. 

3. The Lungs, liver, and Kidneys are readily injected through their 
larger blood vessels with two masses, and afford very instructive material 
when thus prepared. A triple injection of the liver may be made by inject- 
ing the hepatic artery and the hepatic and portal veins. The third ms 
~ be colored with China ink. Whitman {Methods in Microtcof 

my and Embryology) recommends fiist injecting the hepatic V 



and afterward the two veine. The blood should be washed out of the organ 
to be injected, with warm salt sohition. 

4, To Inject Lymphatics, the puncture method is commonly employed. 
For example, an aqueous solution of Berlin blue is drawn into a hypodermic 
syringe, the sharp point of the cannula is thrust into the tissue, and the 
syringe emptied by slight, steady pressure- For practice, thrust the camiula 
into the pad of a cat's foot, and force in some of the injection mass. If the 
leg is rubbed upward, the fluid will flow along the lymph channels and into 
the glands of the groin. Instead of this haphazard method, however, much 
better results will be insured by the use of the needle-and-clamp device of 
W. S. Miller {Johns Hopkine Hospital BulUtin, XVI, No. 173 [1905]). 

5. Micro-Injection of Embryonic Vessels has been much resorted to in 
recent years for the study of early stages of lymph and blood vessels, and 
some very delicate and effective methods have been devised. India ink is 
the medium ordinarily used. Embryos of medium size are generally injected 
with a hypodermic syringe, but smaller embryos require a more delicate 
procedure in which glass tubes with the finest possible capillary points are 
used. 

Anyone who has seen the iDeautifully injected specimens of Dr. H. McE. 
Knower will concede the success of his method. The general scheme of 
his apparatus is shown in Fig. 36, and the accompanying legend is aelf- 
explanatory. 

He expresses the essence of his method as follows: "If a gentle warmth 
is applied to a glass bulb blown on the end of a capillary tube, while the fine 
point of the tube is held beneath the surface of some fluid, such as India 
ink, air will be driven out of the bulb and ink will run up to replace it as the 
bulb cools. When the system has come to equihbrium, the point of the tube 
is inserted into the desired blood vessel under a dissecting microscope 
(binocular if possible), the tube being carried on a holder to avoid warming 
it or the bulb. India ink is now injected, as desired, by warming the bulb 
when ready." The method is expl^ned in minute detail in the Anotomical 
Record for August, 1908 {Vol. II, No. 5), together with appUcations to 6»h, 
amphibia, reptiles, birds, and mammals. 

Instead of using a glass bulb, as does Knower, Hcuser inserts a simply 
made resistance coil of line German-silver wire into an ordinary salt-mouth 
bottle. The ends of the wire extend out through the cork for electrical 
connection. When a current is passed tlu'ough the wre the wr surrounding 
it in the bottle, becoming heated, cxitands and affords a steady and pro- 
longed pressing. 

Dr. Emily Ray Gregory uses direct pressure from a good grade of 
De Vilbiss' atomizer bulb which lies on the floor. The bulb, kept from 
rolling by a crocheted net cover, is operated by the foot. Pressure is trans- 
mitted through a j^o-inch red-rubber tube to the short glass injection tube 
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which has the outer ead drawn into a capillary tip at right angles to itself. 
The method is given in detail in the August number of the Anaiomicd 
Record, 1916 (Vol. XI, No. 1). 

For other suggestions regarding micro-injections see Hoyer, Zeilsehrifl 
fur wissensehafUiche Mikroshopie, Band XXV (1908); Evans, ATnerican 
Journal of Anatomy, IX (1910); and Sabin, Conlributioris lt> Embryology, 
III, No. 7 (1915), Carnegie Institution of Washington. 

6. To Keep Gelatin Injectioii Masses let them congeal, then cover the 
smiace with 95 per cent alcohol, and leave in a -well-stoppered vessel until 
needed. 

7. Injection through the Femoral Arteir is frequently practiced, and 
is preferred to injection through the aorta by some workers. An obUque 
cut is made in one side of the artery and the cannula inserted pointing 
toward the heart. Others prefer to cut into the dorsal aorta and inject 
both anteriorly and posteriorly. 

8. The Injecting Syiinge must work without jerking or catching along the 
wall of the barrel. It should always be carefully cleaned after using. If the 
piston does not fit the barrel tightly enough it should be wrapped with gauie. 

9. Glass Cannulae may be made by grasping the ends of a short pieoe 
of soft glass tubing and heating the middle in a flame until the glass becomes 
soft, which is indicated by the yellow color of the flame. The tubing should 
be constantly rotated, so that all sides heat equally. When the glass becomes 
soft, draw the tube out steadily until the diameter of the soft portJoQ 
becomes as small as desired. When the glass has cooled, the tube should 
be cut with a file at the proper phice to make two cannulae of it, 

10. If the Blue Color Fades in the gelatin mass in the tissues, it may 
frequently be restored by treating the tissiie or section with oil of cloves or 
turpentine. 

11. A Cold Fluid Gelatin Mass has been used successfully by Tandler (see 
abstract by A, M. C. in Jounuil of Applied Microscopy, V, 1625). To pre- 
pare the mass, dissolve 5 grams of finest gelatin in 100 c.c. of tepid distilled 
water. Color to the desired shade with Berlin blue, and then add slowly 
5 to 6 grams of potassium iodide. The mass remains fluid at ordinary 
temperatures, but when injected objects are placed in 5 jjer cent formalin 
it sets completely and is thereafter unaflfected by reagents. The minut«sl 
vessels are injected, and sections may be stained in the usual ways. Sub- 
jection to strong acids, such as sulphuric or hydrochloric, does not aSeci. 
the mass; hence it may be used for injecting specimens that are to be decal- 
cified afterward. To preserve the fresh mass, add a few crystals of thymol 
and keep in a stoppered bottle. 

12. Corrosion of Injected Vessels oi Cavities is sometimes practiced. 
A mass must be employed which will not be attacked by the reagent used 
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_ t destroying the Burrounding tissues. One of the best masses consists of 
white wax 5 parts and rosin 6 parts, melted together at a teoipera- 
ture of about 75° C. For fine vessels increase the proportions of wax, for 
larger ones add more rosin. Vermilion, Prussian blue, or chromate 
of lead may be used for coloriDg. The part to be injected should be placed 
in warm water and the mass injected at a temperature of from 50° to 60° C. 
The injected part is left in cold water for from 1 to 2 hours, and is then cor- 
roded in pure hydrochloric acid for from 6 to 48 hours, according to the 
resistance of the tissue. Finally, wash the preparation thoroughly in 
miming water. For bibliography and more detailed directions see 
Teehniqve des injections, by Hermann Joria, University Libre de Bnixellea, 
1903. 

13. Wood's Metal is one of the commonest injection media used for 
corrosion preparations. It is a fusible alloy consisting of 1 or 2 parts of 
cadmium, 2 parts of tin, 4 of lejwl, with 7 or 8 parts of bismuth. It melts 
at from 66° to 71° C. 

14. Celluloid Dissolved in Acetone was found preferable by Flint 
(American Journal of AnaUmnj, VI |1906|), in his study of lung develop- 
ment, to celloidin or Wood's metal for corrosion preparations. He injected 
from aspirstioD bottles into the lungs through the trachea, and used hydro- 
chloric acid for corrosion, 

15. Air Injection of Minute Vessela was found to be an indispensable 
method by Locy (Animcnn Journal of Anatomy, XIX [May, 1916|, 3) in 
his work on the lung and air passages of the chick: "In stages subsequent 
to 96 hours, the lungs and air sacs were dissected out of the previously 
fixed and hardened specimens, then cleared in cedar oil, after which the 
organs were place<l in a mixture of 1 part cedar oil and 2 parts chloroform. 
On becoming permeated with this fluid, the preparation was removed from 
the mixture and placed on a filter paper until the chloroform might evaporate. 
The evaporation of the chloroform served to draw the cedar oil from the 
lum.ina of the various branches of the bronchial tree into the lung tissue and 
to fill the spaces thus made with air. When this preparation was replaced 
in pure cedar oil, the difference between the refractive index of the im- 
prisoned air and the surrounding medium gave the lung tubes the appearance 
of being filled with a metalUc cast. Thus the minute air passages that 
could not !>e injected by other means were made clear. The finer details 
would disappear after a few minutes as the cedar oil percolated into 
them, but the same specimen, if carefully maniptdal«d, can be treated 
repeatedly without apparent injury, and a complete picture could finally be 
obtained." 

For later stages Locy also used celloidin and Wood's metal injections 
I by corrosions. He has obtained some beautiful Wood's metal 
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casts of the adult lung. The lungs of the freshly killed fo^d were distended 
under pressure with 80 per cent alcohol until the air sacs were fully expanded 
The entire bird was then immersed in alcohol for 24 hours or more before 
metallic injection was attempted. 

16. An Excellent Injection Mass for other than histological purposes as 
used in our own laboratories is made as follows (Wagner) : 

Water 100 c.c. 

Glycerin 20 c.c. 

Strong formalin 20 c.c. 

Cornstarch, powdered 75 grams 

Mix by gradually adding water and glycerin to the stareh, rubbing out 
all lumps. For yellow color add 10 grams of chrome yellow; for green, 
10 grams of chrome green; for red, 10 grams of vermilion. Strain through 
cheesecloth and add the formalin. If the mass is too thick to strain, add the 
formalin first. Cornstarch is vastly superior to laundry starch and the 
colors recommended diffuse less into tissues than carmine or Berlin blue. 

17. For Clearing of Injected Organs or Bmbryoa 'In Toto," see mem- 
oranda 15, 16, and 17 (pp. 102-104). 




CHAPTER XIII 

OBJBCTS OF GENERAL INTEREST: CELL-MAKING, FLUID 

■ MOUNTS, "IN TOTO" PREPARATIONS, DRY MOUNTS, 
OPAQUE MOUNTS 

When objects of considerable thickness are to be mounted, it 
is sometimes necessary to resort to cells which will contain the object 
and support the cover-glass. Fluid mounts and aqueous media 
must occasionally be used for delicate objects which would be injuri- 
ously affected by alcohol, or which are unsuitable for mounting in 
balsam. When such mounts are used, whether in a cell or not, the 
cover-glass must ordinarily be sealed with a cement if the prepara- 
tion is to be permanent. In all cases where it is at all practicable, 
balsam mounts are to be preferred for permanent preparations. 
Glycerin is a convenient mounting-medium for many objects, espe- 
cially for temporary mounts. It is often used where such media 
as balsam would render the preparation too transparent; it is much 
more favorable, moreover, to the preservation of color than are 
resinous media. For making cells and sealing circular covers, a 
turntable (Fig. 37) is desirable, although the work may be done by 
following a guide ring drawn on paper and placed under the slide. 



PI. TURNING CELLS 
Prepare 12 or 15 slides as follows: 1. Place a shde on a turn- 
table and adjust it so that its center lies over the center of the turn- 
table. 

2. Dip a small camel's hair pencil into gold size, but do not 
take up enough of the fluid to drop (see also memorandum 13, 
p. 101). 

3. Choose a guide ring on the turntable which is of slightly 
smaller diameter than the cover-glass to be used, whirl the table 
and hold the pencil lightly over the guide ring. The ring which 



has been spun should be even. If it is not, practice turning rings 
until satisfactory ones are made. If the gold size is old it is prob- 
ably too thick to make suitable rings. Pure linseed oil may be used 
to dilute it, but it is advisable to use only fresh gold size if it ie 
obtainable. 

4. The slide must be set aside to dry before it can be l 
mounting. A gentle beat will aid in drying. 




Fio. 37.— Tiimt«blB 



5. To some of the celb add successive coats of gold site a 
previous one dries, so that you will have cells of varying depth. I 



n. MOUNTING IN GLTCERIN 
A. Water Mites and Transparent Larvae. — 1. Kill several 8 
colored water mites or transparent larvae of insects by means of 
chloroform (a few drops in water) and place them for half an 
hour (two or three hours for lai^er olijects) into a mixture of 
water and glycerin equal parts, after which transfer them to pure 
glycerin. 

2. Apply a thin coat of gold size to the upper edge of a cell which 
ie of sufficient depth to acconmiodate the object. 

3. Breathe into the cell to moisten it so that the glycerin 
adhere throughout and prevent the formation of air bubbles. 
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4. Fill the cell flush with glycerin and put the object into it, care- 
fully spreading out all parts. 

5. Breathe on the lower surface of a clean cover-glass, put one 
edge down on the edge of the cell, and then gradually lower the cover 
so as to avoid bubbles of air. When in place, press the cover down 
gentlj' with the handle of a needle and see that it adheres all around. 
Wash off the exuded glycerin and carefully wipe the filide with a 

,h. 

6. Turn a comparatively broad ring of gold size around the 
edge of the cover to seal it, and when this is dry add a very thin 
coat of Bell's cement. Label and put away in a horizontal position 
until drj'. 

Caution. — It is indispensable that the edges of the cover-glass 
be perfectly dry before attempting to seal the preparation; other- 
wise the cement will not adhere. 

B. Killing and Mounting Hydra.— 1. With a dipping-tube 
(memorandum 10, p. 101) remove a hydra to a warm watch-glass and 
leave it in only a few drops of wat«r. Have ready some hot Benin's 
fluid or corrosive acetic, and when the hydra sends out its tentacles 
and expands its body, apply the rei^ent by suddenly squirting it into 
the watch-^lass so that it sweeps over the hydra from aboral to 
oral extremity and carries the tentacles out straight. Then fill the 
watch ^lass with the hot fluid. 

2. After 10 minutes pour off the fixing fluid and wash the animal 
thoroughly in 70 per cent alcohol. 

3. Replace the alcohol with alum-cochineal or dilute hema- 
lin and stain for from 30 minutes to several hours. 
\. Remove the stain with a pipette and replace it with a 

oxture of equal parts of glycerin and water for half an hour, 
lowed by pure glycerin. Proceed farther as in the preceding 
srcise. 
Note. — .Ut«r removal from the stain, if neceeeary, decolorise in acidulatod 
water or alcohol (0.5 per cent hydrochloric acid), then wash out the acid thor- 
oughly in tap water. 

Hydra may also be dehydrated, clearetl, and mounted in balsam 
B also "Hydra," p. 264). 




m. MOUNxmo in glycerih-jelly 

Glycerin-jelly is frequently preferable to pure glycerin for mount- " 
ing because it ia a solid at ordinary temperatures. One formula for 
making it is as follows: 



Water 42 c.c. 

Gelatin 6 grams 

Glycerin 50 c.c. 

Carbolic-acid crj'stals 2 grams 



Let the gelatin eoak in the water for half an hour, then dissolve 
with gentle heat. Add about 5 c.c. of white of egg and heat (not 
over 75° C.) for half an hour. The egg albumen gradually precipi- 
tatce and carries down all fine particles of dust, etc., so that the 
gelatin is left perfectly clear. 

Filter through moist, fine hot Sannel and add the glycerin and the 
carbolic acid. Use only clean gelatin of the best quality. Warm 
for 10 or 15 minut«s, stirring continually until the mixture is 
homt^eneous. If heated above 75° C, the gelatin may be trans- 
formed into nietagelatin, which will not harden at ordinarj' 
temperatures. 

A. Small Crustacea.^1 . By means of a dipping-tube isolate such 
small creatures as Cyclops, Daphnia, or Cypris. h 

2. Kill by wanning slowly in a drop of water on a slide. I 

3. Place them in a cell of proper depth, draw ofE all water with V 
pipette, and gently warm the slide. 

4. Place the bottle of glycerin-jelly into a vessel containii^ warm 
water until the jelly becomes liquid, but do not let it get any warmer. 

5. Fill the ceil flush with the warm jelly and arrange the objects in 
suitable positions. 

6. Breathe upon the lower surface of a clean cover-glass and 
put it in place in the usual way. 

7. Wash away any trace of the jelly from the outside of the cell 
and when the slide is dry run a ring of gotd-aize cement around the 
edge of the cover. After this dries, varnish with Bell's cement. It 
is not an absolute necessity to seal glycerin-jelly mounts, but 
writer has aJwa^'s found it a wise precaution. 
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B. Muscle of Insect.— 1. Cut ofF the head of an insect and bisect the 
trunk so as to expose the interior. Observe two kinds of muscular tissue, 
that of grayish color belonging to the tegs, the yellowish to the wings. 

2. Take a shred of muscle and on a dry slide carefully separate pieces 
of mu^le fiber and stretch them out, while keeping them moist by breathing 
on them. 

3. Mount in glycerin-jelly as directed In the previous exercise (see also 
p. 251). 

IV. MOUNTING IN BALSAM 

A. Flat Worms. — -1. Obtain specimenB of Planaria from the 
under surface of flat rocks in the edge of streams (see "Planaria," 
p. 266). 

3. Place the animal in a little tepid water. Watch until it is 
extended full len^h, then flood it quickly with corrosive sublimate 
to which 1 to 3 per cent of acetic acid has been added. The animal 
may be removed after 30 minutes or an hour and washed thoroughly in 
50 per cent alcohol to which a little tincture of iodine has been added. 

3. Stain for 24 hours in alum-cochineal or in Delafield's hema- 
ikfucyUn diluted one-half with water. 

4. Wash in water followed by 35 and 50 per cent alcohol each 15 
lutes. 

5. Decolorize in acid alcohol until the color ceases to come away 
ily {10 to 30 minutes). 

Wash out the acid in 70 per cent alcohol, using the alkaline 
ihol if hematojcylin was used in staining. 

7. Flatten the animal by compressing it between two slides by 
of a rubber band, and place it for 24 hours in 95 per cent 

hoi. 

8. Transfer to absolute alcohol for I hour, and to xylol until clear. 

9. Mount in balsam m a thin cell or without a cell at pleasure. 
If on examination the separate organs of the animal are not seen 
distinctly, it probably has not been compressed sufficiently. This 
difficulty may sometimes be avoitled in a measure by letting a 
cover-glass rest upon the live planarian to flatten it out slightly, and 
then running the fixing fluid under the cover. Specimens which 
have been in the laboratory for some weeks or months make better 
preparations than those fresh from the stream. 



B. Mosquito, Gnat, or Aphid. — 1. Kill a mosquito with cyanide 
or chloroform and place it in cedar oil or turpentine for an hour, 

2. Remove, and place it on its back on filter-paper. Carefully 
spreail the legs of the insect, put a drop of thick balsam on a sUde, 
invert the shde, and bring the balsam in contact with the thorax of the 
mosquito. Spread the wings and the legs of the insect and gently 
press it down into the balsam. 

3. Add thinner balsam, see that the proboscis and antennae 
are floated out properly, then add more balsam, and put on a cover- 



V. OPAQUE MOUHTS 

Some objecta are mounted to be viewed by reflected instead of trans- 
mitted light. They may be mounted in the ordinary way, and when they 
are examined as opaque objects, the light from the mirror should be turned 
away and, if necessary, a strip of dark paper placed under the slide to shut 
off all light from below. 

A. Beetles. — Choose a shallow cell for mounting the wing cases and legs 
of one of the Cm-culionidae, preferably Curculio impeTalis, the South Ameri- 
can diamond beetle. 

1. Soak thepart in cedar oil or turpentine forhalfan hour, then place it in 
the cell in the proper position, the outer side of the case toward the observer. 

2, Fill up the cell with balsam and add the cover. 

B. Wings of Moths or Butterflies. — Prepare parts of the wings of moths 
or butterflies as in A. The wing of the clothes moth makes a good opaque 
mount. 

C. Head of a Fly. — 1. Secure the specimen (preferably one having 
colored eyes, as one of the gadflies) and choose a cell of the proper size for 
it. The cell should be of such a depth that the cover will rest lightly upon 
the object and retain it in the center of the cell. The head should preseot 
the front view when mounted. 

2. Spin a very thin coat of gold size on to the dry edge of the cell so that 
the cover will adhere. 

3. Soak the head of the fly for a couple of hours in equal parts of glycerin 
and water. 

4. Moisten the cell by breathing into it, fill it with glycerin, and transfer 
the object to it. 

5. Breathe on the cover-glass and apply it very carefully to avoid wi 
bubbles. When the cover settles into place, press it down gently to m^ 
it adhere to the cement, 

6. Set it aside to harden. When hard, seal on the turntable with gold 
size followed by Bell's cement when the gold size is dry. 
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r D, FoielegofDytiscus, the Great Water Beetle. — 1. Detach the foreleg 
of a male, and eoak it in 10 per cent potash solution (see reagent 86, p. 237} 
for a day or two, 

2. Wash it in water, run it up to 95 per cent alcohol, and leave it there 
for 24 hours. 

3. Pass it through absolute alcohol and clear in cedar oil, ttirpentlne, 
or xylol. 

4. Lay the leg, disk side uppermost, in a drop of balsam on a. slide, add 
another drop of balsam, and carefully cover with a clean cover-glase. Place 
a smaU weight (e.g., half of a bullet) on top of the cover to hold it down until 
the balsam hardens. 

VI. DRY MOUNTS 
I A. Scales. — Prepare a very shallow cell and let it dry. Thoroughly 
dry the scalea from a moth's wing by gently heating them on a slide over a 
flame. Place the scales in a cell, warm the slide until the cell wall becomes 
sticky, put on the cover and press it down until it adheres all around, and 
finally seal as in previous exercises. 

B. Eggs of Butterflies, Small Feathers, Antennae of InEects, etc., m&y 
be mounted as dry objects. Care must be taken to have them perfectly 
dry, or they mil in time cloud the cover with moisture from within. 

L MEMORANDA 

B I. Small or Soft Insects or Their Larvae may frequently be mounted 
directly in glycerin, or they may be dehydrated and mounted in balsam. 
A. method often used is to kiU them in strong carbolic acid and mount them 
directly in balsam. The carbolic acid both dehydrates and clears. It is 
better, however, to clear the preparation further by immersion in cedar oil 
or xylol before adding the balsam. 

2. Insects Having Hard Shells must first be soaked in 10 per cent potash 
to soften them and render them transparent if they are to be examined 
by transmitted light. The softer parts of insects so treated are destroyed 
and only the external parts remain. Such insects may be mounted in glycerin 
or glycerin-jelly, or they may be dehydrated, cleared, and mounted in 
balsam. 

3. Delicate Insects which are too trail to withstand much handling 
may be placed at once in cedar oil or turpentine and after an hour mounted 
in balsam {see "Mosquito," p. 98). 

4. Wings, Legs, Antennae, Mouth-Parts, etc., of Such Forms as Flies 
and Bees, wliich have been preserved in alcohol, should be completely 
dehyiirated, cleared, and mounted in balsam in cells of the proper depth. 

5. Transparent and Soft Insects may be stained in alum-cochineal or 
hematoxyhn in the ordinary way and mounted as whole objects, if desired. 
ITiey will stain better if they have been fixed previously in some corrosive- 
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sublimate mixture &nd then washed properly (see reagent 14, p. 212). To 
stain, follow the method outlined in TV, A, p. 97. 

6. To Center an Object in a Cell (the head of aa insect, for example), 
thread a. £ne needle with a hair and run it through the object. Remove the 
needle and imbed the ends of the hair Id the cement on opposite sides of the 
cell. When the cover-glass is put iu place the object may be adjusted by 
puUing the hair. After the slide is finished and dry, the ends of the hair 
should he cut off at the edge of the cell. 

Another method which will frequently answer for an object to be mounted 
in baUam is to place the object (after clearing) in the center of the cell, 
coat it with balsam, adjust it properly, and then set the slide away in a 
place free from dust till the lialsam thickens. Finally fill the cell wth 
balsam and add the cover. 

7. The Radula or Lingual Ribbon of the Snail or Slug should be dissected 
out and soaked for a day or two in a 10 per cent solution of potash. If the 
animal is a small one, cut oS the head including the buccal mass and soak )t 
in a solution of potash until the soft tissues are destroyed and only the 
radula remains. From the potash the radula is transferred to wat«r and 
washed for some hours. With a strip of paper on each side to prevent 
crushing it, it should be placed between two slides, and the slides bound 
together by means of string or rubber bands. While held in this position, 
dehydrate and clear it. Finally remove one slide and the paper and mount 
the object in balsam on the other sUde. A shallow cell may be used it 
desired. 

8. Flukes and Tapewonns are prepared in the same manner as Planaria 
(p. 97). The time of inunersion in the various fluids should be lengthened 
tn proportion as the object is larger than the planarian. See also p. 267. 

For in loto stoning, Mayer's paracarmine and Mayer's hemalum are 
highly recommended by nearly all specialists on these forms. The animals 
should be much overstained and then very rapidly and completely destiuned 
in strongly acidulated (2 to 4 per cent HCl) 70 per cent alcohol (Cort, 
Transactions of the American Microscopical Society, XXXIV, No. 4 [October, 
1916J). 

To prevent the curling up of flat worms which are to be infiltrated for 
sectioning, Peaslee binds them by wrappings of thread to a bit of briatol 
board which is not removed until the animal is to be imbedded. 

9. Sprogyra, Protococcus, Volvoi, Desmids, etc., may be mounted in a 
cell in the following copper solution: 

Acetate of copper 1 gram 

Camphor water 240 c.c. 

Glycerin 240 c.e. 

Glacial acetic acid 0.3 c.c. 

Corrosive subhmate, saturated aqueous solution. . 0.1 c.c. 
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t thoroughly, filt«r, and keep in a glass-stoppered bottle. The green 
color of the plant may frequently be preserved for some time in this medium. 
The apecimen is washed in water, transferred to the cell, then the solution 
ia added. The cell is covered and sealed in the usual way. 

10. A Dipping-Tube is a simple glass tube. To operate it, hold the 
tip of the forefinger over the upper end and dip the lower end into the water 
until it comes just above the object desired; lift the finger and let the air 
out of the tube, and the water will rush ip at the lower end carrying the object 
with it. Replace the finger over the top of the tube and remove it; the 
water will remain in it as long aa the finger is held firmly over the upper end. 
When the finger is removed the water and the object pass out. The object 
may sometimes be more readily discharged if the tube is rotated. A pipette 
made of a large-bore glass tube and an atomiser bulb is also very serviceable. 

1 1 . To Keep Water fitnti Evaporating from a Cell Too Freely, use a round 
cell and cover it with a square cover-glass. Apply a brush wet with water 
to the slide beneath one of the projecting comers of the cover from time to 
time. Capillary attraction will draw in the water and will keep the cell 
full. If a continuous supply of fresh water ia necessary, one end of a loosely 
twisted cotton thread may be laid along one side of the cover and the other 
end of the thread immersed in a small vessel of water which stands within 

^^lalf or three-quarters of an inch of the cell. A reservoir made from the 

^Bbottom of a shell \'ial or homeopathic vial answers very well; it may be 

^BKnentcd to the slide. 

^g Protozoa and other small forma may be kept alive on a slide for a number 
of hours by simply mounting them in water under a cover in a cell of blotting 
paper which has been saturated with water. For aquaria for studying 
microscopic ot^anisms, Walton (Ohio Sl(Ue UniterHly BidleUn, XIX, No. 5 
[19150 used ring-like pieces of lens paper cut somewhat smaller than the 
cover-glass. Such aquaria keep for several hours. They may be made 
more permanent by letting them stand 15 to 30 minutes in order to allow 
the outside water to evaporate, and then running paraffin oil around the 
margin of the cover-glass. 

12. Deep Cells are made frequently by cutting out rings of paper, lead, 
or block-tin with gun punches and cementing them to the slide. Glass and 
hard-rubber rings of various sizes may be purchased from dealers. To 
support cover-glasses Barker uses circular cloth patches with a hole in the 
center. These may be bought of a stationer. 

13. Filtered Shellac is recommended by McClung as excellent both for 
malung and for sealing cells. It may be colored with Bismarck brown and 
similar dyes. Barker uses any good quality of enamel paint. 

14. Pot a Method of Preserving Fine Dissections for microscopic study, 
U opaque objects, see memorandum 15, p. 134. 
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15. The Clearing of Total Specimens as developed by Sp&lt«holz ( C'eter 

das DurclmcfUigTTiaclieii mn menscktichen und lieTscken pTaparalen, 2d ed., 
1914, S. Hiwel, Leipzig), whereby relatively large anatomical and embryo- 
logical preparations can be made transparent, ia an extremely useful method, 
particularly with injected objects. The following account of the method 
together with modifications introduced by herself is taken from \Iiss S&bin's 
article in Contributions lo Embryotogy, III, No. 7, Carnegie Institution of 
Washington, 1015: "In general the essentials of tfae method are, first, 
fixation in formalin; second, a thorough bleaching of the tissues with hydro- 
gen peroxide to remove the hemaglobin and other pigmentsi third, dehydra- 
tion; and, fourth, clearing the specimens in an oil which has the same index 
of refraction as the tissues. As applied to embryonic tissues, the method, 
developed by Professor Spalteholz, to whom I am very much indebted, Is 
as follows: The specimens which have been injected with India-ink are 
fixed for 24 to 48 hours in 5 and 10 percent formalin. Conamercial formalin 
/is slightly acid, which is an advantage for the India-ink injections, since the 
ink difTuBes in an alkaline solution. Specimens which have been injected 
with silver nitrate are ruined by fixation in formaUn, because the silver salt 
is changed to a white precipitate which obscures the vessels. If injections 
of bone are desired, the formalin may be made slightly alkaline and the 
diffusion of the ink prevented as much as possible by tying off all vessels 
before fixation. For large fetuses, which are to be cleared in toto. Dr. P. G. 
Shipley has found that the subsequent bleaching is made easier by washing 
the specimen iu runaing water before fixation, thus removing much of the 
hemaglobin. After fixation, the specimens are washed in running tap water 
from 12 to 24 hours, followed by distilled water to remove the formalin. 
The bleaching is done in hydrogen peroxide. Spalteholz adds a few drops 
of ammonia to precipitate the barium salts. This is not necessary with 
barium-free oxide. For adult tissues, Spalteholz uses undiluted peroxide; 
for the embryonic tissues about 2 to 3 per cent is the best strength. The 
small embryos with ink injections take about 20 minutes to bleacli; for the 
silver specimens, 2 to 3 minut«s suffice, and they must be watched constantly 
and the bleaching stopped before the silver is affected. Following the 
bleaching, the specimens must be washed thoroughly in running water and 
in distilled water. The dehydration may be begun with 50 per cent alcohol 
and the percentage increased successively by five points or less. After two 
changes of a good grade of absolute alcohol, the specimens are passed through 
changes of benzene into the synthetic oil of wintergreen. The small amount 
of benzene which is carried over evaporates quickly, and the few bubbles 
which develop in the bleaching process can be removed with needles. The 
oil of wintergreen should be entirely colorless, but both the specimens and 
the oil will gradually become brown with age. This is especially true of tl^H 
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flver-nitrate specimens, but they will keep for six months or a year in oil. 
lliey can be returned to alcohol for storage and recleared when desired, or 
they may be made permanent in balsam. The advantage of keeping the 
total specimens in oil rather than in balsam is that they can be dissected. 
On the other hand, they are made more permanent in balsam. The oil of 
wintergreen makes the tissues tough, so that it is possible to obtain minute 
dissections of the injected specimens. 

"The Spalteholz method as appUed to embrj'os can be very much 
simplified by changing the fixative. For mammalian embryos the best 
fixative is Carnoy's mixture. This is absolute alcohol 60 parts, chloroform 
30 parts, and glacial acetic acid 10 parl.-4. In this mixture the acid is suffi- 
ciently strong to bleach the hemaglobiii so that the peroxide is unneccBsary. 
The penetrating power of the fixative is very great, which is of importance, 
since no injected specimen can be cut into until it is thoroughly fixed. The 
relations of the tissues are well maintained and the swelling due to the acetic 
acid tends to counteract the shrinkage that always takes place in the oil of 
wintergreen. The fixative does not affect any of the injection fluids. The 
process after fixation in the Carnoy's mixture is simple; specimens remain 
in the fixative from 2 to 12 hours and are then placed directly into 70 per 
cent alcohol, dehydrated in graded alcohols, and cleared as before. The 
specimens can then be studied in tolo, or dissected or imbedded in paraffin 
and sectioned. They should be imbedded through a mixture of the oil of 
wintergreen and paraffin. They do not become brittle in the oil, so that they 
may be sectioned aft«r staying in the oil for many weeks. The shrink^jc 
in the oil, however, seems to increase on long standing. The advantages 
of the fixation in Carnoy's mixture are that the specimens are even clearer 
than after bleaching with peroxide, there are no bubbles formed to damage 
the tissues, the time of the procedure is shortened, and the fixation is much 
better should it be desired to section the specimens after studying the vessels 
in whole embryos. Specimens which are strongly pigmented, however, 
must be bleached with hydrogen peroxide before they can be cleared." 

For other methods of clearing in tolo preparations see memoranda 16 
and 17. 

IC. The Potash Clearing Method (or Modifications of It) for "in Toto" 
Preparatioiis is, according to Thurlow C. Nelson of our own laboratories, 
one of the best as well as one of the simplest methods for the demonstration 
of skeletal and cartilaginous structures. Unless nervous or other structures 
are to be stained, the animal should be put into a 1 per cent potash solu- 
tion immediately after killing. Twenty-four hours iu this medium should 
be sufficient to clear the overlying tissues to such an extent that the skeletal 
elements are clearly visible. After removal to glycerin the specimen will 
keep indefinitely. 
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followe: To 5 c.c. of blood in a test-tube add a few drops of ether and ghake 
the mixture vigorouBly until the blood becomes hiky. Phice a drop or two 

of the laked blood on a slide and allow it to dry in the cold. 

2. Hematoidin Crystals; reddish-yellow crystals (rhombic plates). — 
They can be obtained frofn old blood extravasations (e.g., cerebral hemor- 
rhage, corpora lutea, etc.) by teasing. Mount in Canada balsam. 

3. Hemin or Tetcbmann's Crystals. — To a small drop of blood on a slide 
or a bit of cloth which has been previously saturated with blood, add a 
few crystals of common salt. Heat over a flame until the mixture has 
become dry, leaving a reddish-brown residue. Apply a cover-glass and 
flood the preparation with as much acetic acid as will remain in place imder 
the cover. Heat the preparation until the acetic acid boils. Atter the 
acid has evaporated, the preparation may be made permanent by adding 
Canada balsam. The crystals are very small, narrow rhombic plates of 
dark-hrown color. They vary in size and may lie singly, across one another, 
or in stellate groups. 

The presence of these crystals is positive evidence of the presence of 
blood, hence their demonstration is of great importance in stains or fluid 
suspected of containing blood. 



n. COVER-GLASS PREPARATIONS 



a) DT/preparadons (Ehrlich's method), — 1. In this method the prepara- 
tion is "fixed" by means of heat. Under one end of a copper bar or copper 
triangle (Fig. 26) place a flame. After 15 or 20 minutes a given point on 
the bar will have a practically constant temperature. Thoroughly clean the 
bar, run a stream of water along the top of it toward the flame, and locate 
the point farthest from the flame at which the water boila. The blood 
smeara when prepared are to be placed film side up in a row across the bar 
about three-fourths of an inch nearer the flame than the point at which the 
water just boiled. This will subject them to a temperature of about 120" C, 

2. Thoroughly clean and dry two cover-glasses, touch one to a small drop 
gf perfectly fresh blood as it cornea from the finger or lobe of the ear and 
instantly drop it on to the second cover. The blood should spread in a 
thin film between the covers; if it does not, it has begun to coagulate and 
the preparation will be inferior. Rapidly separate the covers by sliding them 
apart, wave tliem in the air a minute to dry the films, then place them down 
with the smear side uppermost. Do not press the covers together to spread the 
blood because this ruins the corpuscles. If the red corpuscles are to retwi 
their shape the film of hlood must be extremely and uniformly thin. Pracdce 
until you have prepared such a film. 

Some workers prefer to make smears on slides instead of on cover- 
A small drop of blood placed near one end of a perfectly clean slide is 
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f drawing an edge of the end of another slide through the drop and along 
the surface of the first slide to its opposite end. Crushing is thus avoided. 

Note. — Id the ctlinical examination of blood great care must be eiercised 
to have it absolutely freeh; furthermore, the cover-glasses should be handled 
with forceps in3t«ad of by means of the liDgers. It is recommended that one pair 
of the forceps be Coronet or spring forceps of some kind (Fig, 3fl]. The lobe of 
the ear is perhaps the best ri^ioQ from which to obtain the blood. The needle 
with which the puncture is made should always be sterilized. Wipe away the 
Brst drop of blood that appears. The drop finally chosen should be one that 
has appeared immediately after the spot has been wiped and it should be but 
little larger than a pin-head. The whole operation cannot beT)erforraed too 
rapidly. To shorten the time it is well to have an assistant to prick and manipu- 
late the ear while the operator attends to the preparation of the film. 

3. When several satisfactory films have been prepared, place them on 
the heated bar, as indicated in step 1 , Cover them to keep out dust and leave 
them for from 30 to 60 minutes. 

4. Remove the covers and stain the preparations 15 or 20 minutes with 
Ehrlich's triple stain (recent 42, p. 223) by flooding the &lm with the stain 
by means of a pipette. Rinse off the surplus stain with water, blot the fil ni 
with blotting paper, and dry it by holding it with the edge downward high 
idxive the flame. When diy, mount in balsam on a slide. 

Note. — Instead of heating the preparation, much the same results may be 
obtained by subjecting &lms (prepared as in step 2) to ether and alcohol (p. 8) 
for from 1 to 12 hours, drying them again in the air, and then staining as above. 

6} Rapid method.— 1. Prepare a film as above (a, 2), but before it has 
dried treat it for 30 minutes with a saturated aqueous solution of ooiroBive 
iblimate (reagent 14, p. 212), 

2. Wash the preparation thoroughly in water or in 50 per cent alcohol. 

3. Stain for 10 minut«s in Delalield's or Ehrlich's hematoxylin (reagent 
I or 53, p. 226), rinse in 70 per cent alcohol, and stain for 20 seconds in 

eoffln (0 5 per cent solution in 70 or 95 per cent alcohol), 

4. Rinse in 95 per cent and in absolute alcohol each for 2 minutes, pass 
throi^h xylol, and mount in balsam. 

After rinsing following staining, some workers simply blot the prepara- 

Cwith blotting paper, dry it in the air, and mount it in balsam. 
I 
^ 
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m. ENUMERATION OF BLOOD CORPUSCLES 



The inetrument used is the hemocytometer fFlg. 38). It consists of a 
:ial slide for counting and two graduated pipettes for diluting and measur- 
ing the blood, 

Obtain a drop of bloo<f from the lobe of the ear or from the finger. Fill 
the smaller pipette (with the 101 mark just above the chamber containing 



bead) of the hemocytometer to the mark I by careful suction. The tip of 
the tongue placed firmly over the hole in the mouthpiece will keep the 
blood from dropping back. If the blood ia drawn beyond the 1 mark, blow 
it out immediately, clean the tube, and repeat the operation. 

Wipe the blood from the outside of the pipette quickly and draw in 
Bufficient Toisson's solution to make the level of the combined liquids stand 
precisely at the mark 101. Close the ends of the pipette with thumb and 
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Pio. 38. — Hemocytomi'ter 
a. view at Blide from above: b. view o( alldo from one Bide; c counUng-dlik »lik± 
■fee Bt Uie center of S; G, bead for mliing; M, moutttplDco. 

middle finger and mix the blood thoroughly with the solution by shakiiig 
the tube for 2 mioutes. The blood is thus diluted 100 times, 
T(nsson's solution: 

Sodium sulphate 8.0 grama 

Sodium chloride 1 .0 gram 

Neutral glycerin 30 c.c- 

Methyl violet, 5b 0,025 gram 

Distilled water 160 c.c. 

Blow out a drop of the Uquid to remove the umnixed solution remiuiung 
in the capillary tube. Have the counting-disk and cover^lass perfectly 
clean. Allow a drop of the diluted blood to flow on to the disk and place 
the cover-glass over the drop. The cell of the disk must be entirely filled 
by the drop of blood. Let the corpuscles settle a minute or two liefore 
beginning to count. Examine the field under a low-power objective to Ms 
that the corpuscles are evenly distributed. If they are not, the blood was 
not thoroughly mixed and the whole operation should be repeated after 
thoroughly cleansing the pipette. 

Examine the preparation under a high power of the microscope, and 
count the number of red corpuscles in 20 to 40 small squares; of those 
con>uscles which happen to lie on the boundary hne, count the ones that he 
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onJy in the upper aad on the ieft rides of each square. Take the average 
number in a square and calculate the number of corpuscles in a cubic milli- 
meter of blood. 

The depth of the entire cell is 0. 1 mm., the area of each small square 
ia t in sq. mm., consequently the volume of blood in each square column is 
7(4(4 cu. mm., or 1 cu. mm. of diluted blood would contain 4,000 times the 
average number in a square. One cubic millimetCT of undiluted blood con- 
laina 100 times as many, or 400,000 times the number in one square. What 
result do you obtain ? For accuracy, three separate counts should be made 
and the average taken. 

.\fter finiahing the count, clean the pipette by successively drawing 
into and expeUing from it water, alcohol, and finally ether. Do not blow 
through it, but cause the ether to evaporate by sucking air through the tube. 
For counting the whit« corpuscles use the large pipette and dilute the blood 
10 times with one-third of 1 per cent glacial acetic acid. The acid destroys 
the red corpuscles, and thus the white corpuscles are more readily seen. 
Proceed in the same manner as for red corpuscles. 

Use water instead of alcohol for cleaning the counting-slide, as alcohol 
■dteolves the cement of the slide. 



IV. OBSERVATION OF THE BLOOD CinUtENT 

a) Ciraiiation in the vxb of a frog'x fool. — Wind a long strip of cheese- 
cloth around a frog stretched out upon a narrow piece of thin board, lea\ing 
one hind foot exposed. Soak the cloth in water in order to keep the animal's 
skin moist. Pin the extended foot in such a way that the web between the 
toes U stretched over a notch or hole in the end of the board. Examine under 
the microscope. If the preparation is favorable, leucocytes may perhaps 
be seen penetrating the walls of the vessel (diapetie»is) and passing into the 
surrounding tissues. 

6) CiTCviatian in tht me^enUr'j, /Ti^mFwiiioH.— ImmoblUze a frog 
(the male is better) by injecting a few drops of a 1 per cent solution of curare 
into one of the dorsal IjTuph sacs. Curare paralyzes the nerve-endings. 
After wuting 20 minutes for the curare to be absorbed into the circulation, 
cut open the abdominal wall for a short distance along the left side and draw 
out se%'wal loops of the intestine. Pin out a favorable area of piesentery 
over a cork ring, and, after covering it with a cover-glass, examine under the 
microMope. Keep the parts moistened with normal salt solution. Such a 
preparation is especially favorable for stud>'ing the migrations of leucocytes 
through the walls of the vessels, Do not have the mesentery stretched too 
tighth- or the circulation will cease. After a time the phenomena of inflam- 
mation may readily be obser^-ed. It is hastened if some irritant (e.g., a 
drop of creoeote) ia applied to the mesentery. 
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erent Granules of I^euco^tau 



MEMORANDA 

1. For Demonstration of the Different G 
p. 240, undpr the. general topic of blood. 

2. To Study Blood in Sections, ligate a ^niall vessel in two ji 
keep in the corpuscles, then remove the piece so prepared aud fix it in: 
fluid or Dsmic acid. Imbed in parafiin and cut thin sections. Stain \ 
fixed in Bouiu or corroHive-eubliinQte reagents by the hematoxy] 
method (p, 50) or with the Ehrtich-Biondi stain (41, p. 222). Tti 
fixed in osmic acid may be stained by the Raffranin-gentian violet! 
(73, p. 234). I 

3. AmoetxMd Movements in Leucocytes may readily be obai 
blood (preferably amphibiau) which has lieen mounted on a idide; 
slightly warmed normal saline. Place a hair under the cover-glaaa ] 
the edges of the latter with vaseline or melted paraffin. For cofl 
study of the white corpuscles of warm-blooded animals a warm j 
some kind is necessary to keep the temperature of the blood ri 
temperature of the body. 

4. Ingestion by Leucocytes. — Rub up sufficient India ink in a fd 
of normal sahue to make a grayish fluid. With fine scissors make! 
sion into one of the dorsal lymph sacs of a chloroformed frog (paralta 
close beside the urostyle). Introduce a capillary pipette into the wa 
obtain a small drop of lymph. Mix it on a slide with a drop or ti« 
prepared ink. After placing a hair across the field, put on a cover-g 
se-al the edges with vaseline or melted paraffin. Under a high pow* 
microscope the cells may be seen engulfing the colored particles, | 

Gage {The Microscope) recommends a mixture of lamp-black, i 
sodium chloride, 1 gram; gum Arabic, 1 gram; distilled water,] 
Mix thoroughly in a mortar and filter through one layer of gauxe j 
of lens paper. When injected into an animal the leucocytes will bi 
particles of carbon. I 

5. Wright's Stain for Blood. — This is a modification of Lei 
Romanowsky stain. To prepare the stain make a 0.5 per cent s(d 
sodium bicarbonate in distilled water and add to it 1 per cent of d 
blue (B.X., or "medicinally pure"), Subject the mixture to till 
in an ordinary steam st«rilizer (e.g., Arnold; not a pressure s 
water-bath) for one hour. The container should be of such s 
liquid forms a layer not more than 6 cm. deep. WTien the mixtui 
filter to remove any precipitate. To each 100 c.c. of the filtered! 
add. with constant stirring, 600 c.c. of a 0. 1 per cent aqueous » 
"yellow, water-soluble" eosin. Collect the resulting precipitate on 
dry it thoroughly, and, rubbing up in a porcelain dish or mortar if n 
make a 5 per cent solution in pure methylic alcohol. To ^n^vettt tu 
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from evaporating, keep the bottle containing the solution tightly stoppered, 
Should precipitation occur, filter the stain and add a small quantity of methyl 
alcohol. 

Malloiy and Wright in their Pathological Technique, p. 383, ^ve the 
following summary of the method for staining blood films: 

1. Make films of the blood, spread thinly, and allow them to dry in 
the air. 

2. Cover the preparation with a measured quantity of the staining fluid 
for one minute. 

3. Add to the staining fluid on the preparation the same quantity of 
distilled water as there was of the stiun. Allow this mixture to remwn on 
the preparation for two or three minutes, according to the intensity of the 
stoning desired. Eosinophilic granules are best brought out by briefer 
stoning. 

4. Wash in water, preferably in distilled water, until the film has a 
pinkish tint in its thinner or better-spread portions and the red corpuscles 
acquire a yellow or pink color. 

5. Dry between filter-paper and mount in balsam. The preparations 
retain their colors as long as any preparations stained nith anilin dyes. 
Fresh films stain better than those which are several hours old. 

Enjtkroeyteg when stained by Wright's stain should appear orange or 
pink in color (with deejvblue nuclm, when nucleated); lymphocyUs should 
show purpliah-blue nuclei and cytoplasm of robin's^gg blue with occasional 
dark-blue or purplish granules; ■polymiclear Tteutropkilic leucoajtes should 
have blue or dark lilac-colored nuclei with cytoplasmic granules of reddish- 
lilac color; eosinophilic ItvtocyUt should show blue or dark lilac-colored 
nuclei, and blue cj-toplasm with granules the color of eoein ; large mononuclear 
UvxocyUi shoidd show blue or dark lilac-colored nuclei with cytoplasm 
pale blue in one form and blue with dark lilac or deep purple-colored granules 
in the other; tna^-eeUs should exhibit irregular-shaped nuclei stained 
purplish or dark-blue in bluish cytoplasm in which numerous coarse spherical 
granules of ^'ariable size, dark purple to black in color, are imbedded; myelo- 
cytes have dark-blue or dark lilac-colored nuclei and blue eytoplasan con- 
tfuning numerous dark-lihic or reddish-lilac-colored granules; blood-plalelets 
are st^neal blue. 

6. For Malarial Parasites Wright's stain (memorandum 5) is excellent. 
It yields the so-called Romanowskj- stain; the color of the chromatin 
varies from Ulae to verj- dark red, while the body of the parasite stains 
blue. A full account of the method will be found in Mallory and Wright's 
Pathological Te-chniqite, p. 447. 

7. EbrUch's Triple Stain for blood is given on p. 223. 
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C. Hanging-Diop Preparations 

1. A dide with a concave center is used (Fig, 40), With a fine-pointed 
brush p^nt a narrow strip of vaseline around the mar^ of the concavity. 
The vaseline makes the cover-glass stick to the slide and also prevents 
evaporation. 

2. Place a small drop of the fluid containing bacteria in the center of 
the cover-glass. If the bacteria to be examined are od a solid medium, the 
"drop" should be made by mixing 

a Bmall portion of the growth with 

a drop of bouillon, normal saline, 

or serum. Place the cover-glass, 

drop downward, over the depression in the slide and press it down well into 

the vaseline. 

3. Use only a Hmall opening in the diaphragm when examining the 
bacteria, in order to get as much contrast by refraction as possible. Focus 
first with a medium-power dry objective on the edge of the drop, then 
employ the oil inmiersion. Such unstained organisms are frequently 
difficult to find and there is great danger of breaking the cover-glass with 
the objective. 

Hanging-drop preparations are used mainly in determining the motility 
of bacteria, or in the study of spore formation. For the latter purpose 
the shde and cover-glass must be carefully sterilized and the sealing with 
vftsehne complete. The preparation may then be placed on a warm stage 
or in an incubator and examined from time to time, 

MEMORANDA 

1 , The Main Points to Be Observed in the Microscopical EiamioAtion 
of Bacteria are as follows: (1) form of tfae individual, whether spherical 
{coccus), spiral (spiWUttm), or rodlike {bacillus) with end square, pointed, 
or rounded; (2) unifonnity in size; (3) the arrangements of individuals 
whether single {micrococci, ele.), in pairs (e.g., diplococei), in cbiuns {e.g., 
streptococci), groups of four (e.g., tetraeocci), cubical groups of eight or more 
(sarcinoe), or small grapelike bunches of various-sized cocci {staphylococci); 
(4) presence or absence of cell wall, gelatinous capsule, etc.; (5) motility 
in living forms (do not confuse with Brownian movement) ; (6) reaction to 
stains; (7) presence of spores wliich are recognizable as bright, highly 
refractive rounded bodies. 

2. Material for the Demonstratioa of Bacteria (coccus, bacillus, spbil- 
lum, and heggiatoa forms) will be found in abundance in foul water, espe- 
cially when contaminated with sewage. By scraping the inside of the cheek 

ih forms as Leptothrix may often be found. Make a cover-glass prepara- 
kill and fix in the flame in the ordinary way; stain in methyl violet, 
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CHAPTER XV 
BACTERIA 

No attempt is made here to give even au elementary account of bac- 
teriological technique. Only sucli phases of the work as are concerned with 
the immediate microscopical examination of bacteria are touched upon, and 
these chiefly to afford some practice in this kind of manipulation. For 
special technique, identification, or descriptions of apparatus and access oriiw, 
the student is referred to standard textbooks. 



BACTERIAL EXAMINATION 
Bacteria when prepared for microscopical exarrunation are in the form ol 

A. Cover-glass preparations, 

B. Bacteria in tissues (section method), or 

C. Hanging-drop preparations. 



iess oriiw, I 
■form of I 
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A. Cover-Glass Prepaiations 

I. Killing aitdjixing. — 

1. From Fluid Media (e.g., bouillon, milk, water, saliva, blood, pus, 
etc.).^^terilizeaplatinumwireloopby heating it red hot in a flame, When 
cool, touch the loop to the culture and spread the adherent bacteria in a 
thin film over the surface of a cover-glass which has been sterUized in a 
flame. After the film has dried in the air, kill and fix the bacteria to the cover 
by passing it three times, film side uppermost, through the apex of a 




Each time should not exceed half a second. Prepare several films from a 
given material, Coronet or similar forceps (Fig. 39) should be used for 
handling such films, because the cover-glass can be left in them through the 
entire operation of fixing and staining. 

If a platinum loop is not at hand a second cover-glass may be used to 
spread the smear. The first cover-glass is held in a pair of cover-glass 
112 
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forceps and the second cover-glass U dropped on to it. The glasses are 
then rapidly drawn apart with a sliding motion by means of forceps. The 
glasses should not be pressed tightly together. Proficiency in making such 
.preparations is g^ned only after considerable practice. The chief secret 
in making a good preparation is to get the films extremely thin and evenly 
distributed. 

2. From SoUd Media (gelatin, agar, meat, potato, animal tissues and 
organs, etc.}. — The procedure is the same as for 1, except that a drop of 
sterilized water or bouillon is put on the cover-glass to facilitate the spreading 
of the bacteria in a film over the cover. 

II. Staining nnd mounting. — 

1. Gentian violet (memorandum 3, a, p. 116), 5 minutes. The cover- 
glass is left in the forceps, film side up, and the film flooded with the staining 
fluid. 

2. Rinse in water. 

3. Gram's solution (memorandum 3, /, p. 117) until the color becomes 
black (2 to 3 niinul«s). 

4. Ninety-five per cent alcohol until the violet color has almost com- 
pletely disappeared. 

o, Rinse in water and examine by placing the cover-glass film side 
downward on a slide. Only a thin film of water should remain between 
the slide and the cover. Remove surplus water by means of blotting paper. 
If a prolonged examination is to be made, water lost by evaporation must 
be replaced by occasionally placing a smalt drop of water at the edge of the 
cover. In ordinary work the final inspection ie frequently made at this stage. 
If a permanent preparation is desired, however, proceed with the following 
steps: 

6. If the bacteria are well stained, a counterstaiu of Bismarck brown 
(memorandums, d, solution 2, p. 116) may be added (5 to 10 seconds). This 
step may be omitted. 

7. Absolute alcohol, 10 to 15 seconds. 

8. Xyol. 

9. Xylol-balsam. 

Note, — In staining, if the cover-glass is warmed over a flame some 15 or 20 
seconds until the stain steams, the action of the stain is usually more intense 
and more rapid. Boiling, however, must be avoitlod. 



B. Bacteria in Tissues 

may be fixed and hardened (e.g., tiilsoo's fluid, Appendix B, 
p. 213, reagent 16; or Zenker's, reagent 6; or formalin, reagent 18) in the 
ordinary way and sections made by the usual methods. Where practicable, 
paraffin sections are preferable to celloidin sections, because the celtoidin 
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borne in mind that the method works well only when applied to bacteria 
from actively growing cultures; old cultures seldom yield Mtisfactory results. 

FATBOaEKIcBAOTEBU STIIHED PaTBOOBNIC BlCTEIIIl DCCOLOBIIED 

BT QaiK's Method bt Gbxu'i Metbod 

Bacillus acrogeoes capeuklus Bticillus of bubonic plague 

Bacillus of anthrax Bacillus of chancroid ^^^H 

Baccilus diphtheriae BacilluB coli communis ^^^H 

BocilluB of malignant edema Bacillus of dysentery ^^^H 

BocilluB of tetanus Bacillus of glanders ^^^| 

Bacillus tuberculoais Bocillus of influenia ^^^| 

Micrococcus tetr^enus Bacillus mucoGUs capsulatUB ^^H 

Pneumococcus Bacillus proteus ^^H 

Staphylococcus pyogenes aureus Bacillus pyocyaneus ^^^H 

Staphylococcus pyogenes albus Bacillus of typhoid ^^^H 

Streptococcus pyogenes Diplococcus intra cellularia ^^^^^ 

meningitidis ^^^| 

Streptococcus capsulalus Gooococcus 

Spirillum of Asiatic cholera 

4. Staining Spores (Abbott's method), — Prepare a cover-glasa smear in 
the usual way. Apply the stain (e.g., methylen blue) and hold the cover- 
glass over a flame until the liquid steams. Repeat the heating several times, 
but do not boil continuously. Rinse the cover-glass in water and then 
decolorize the preparation in a 0.3 per cent solution of hydrochloric add 
in 95 per cent alcohol, until all color visible to the naked eye has disappeared. 
Wash in water. If a counterstain is desired, stsjn for from 8 to 10 seconds 
in anilin-fuchsin solution. Rinse in water and mount in the usual way. 
The spores are stained blue. 

5. Staining Flagella (Bunge's modification of Loffler's method). — The 
locomotor organs of motile bacteria are long, hairhke prolongations (1 Ui 
many) termed flagella. Special methods of staining are necessai? for their 
demonstration. 

Make thin cover-glass smears of an 18-hour culture which contains mo tile 
forms. Dry and fix in the ordinary way. ^^^| 

Tke mordarU. — ^^^| 

Ferric chloride, aqueous solution (1:20) 2o c.c. ^^^| 

Alum, saturated aqueous solution 75 c.c. ^^^| 

Shake well and add ^^^| 

Fuchsin (basic), saturated aqueous solution . .... 10 c.c. ^^^| 

Filter and allow to stand for some time before using. Treat the muw 
for 5 minutes with this preparation, gently warming by holding it high 
above a flame. The fluid must not boil. Rinse in water, then stain faintly 
with carbol-fuchsin. Repeat the process until a successful residt is obtained. 
Mount in the usual way. 




I 



CHAPTER XVI 

SOME EMBRYOLOGICAL METHODS; SECTIONS AND * 
TOTO" MODNTS OF FROG AND CHICK; AMPHIBIA; 
FISH; MAMMALS; OTHER FORMS 



THE FROG 



Frog eggs and tadpoles are best fixed in Tellyesnicky's fluid 
(5, p. 209). Eggs in early cleavage stages should, after such fixation, 
be preserved in 2 per cent formalin, but later stages and tadpoles are 
better preserved in 70 to 80 per cent alcohol. Before eggs can be 
sectioned, the thick albuminous coats which surround them must 
be removed (4, p. 121). In addition to the ordinary cleavage and 
yolk-plug stages, I find 3, 5, 7, and 9 mm. tadpoles, both as whole 
mounts and sectioned, the most useful stages for a course in embry- 
ology. Older stages are also necessary for the study of external 
features of later development, 

Allen (op. cit., p. 122) finds that cleavage furrows show with 
greater distinctness if the eggs are bleached, The fixed and hardened 
specimens are placed in ordinary commercial hydrogen peroxide 
for a week or more until the pigmented area is of a light-brown color. 
If formalin -hardened material is used, the formalin should be washed 
out before the objects are placed in the peroxide, otherwise the tissue 
will be distorted by the rapid liberation of oxygen. Tadpoles may 
■^bleached white by this method and mounted entire (seeB.p. 120). 

^1 1 . Select several 7 mm. tadpoles which have been fixed in Tellyes- 
^^llcl^s fluid (o, p. 209) and stain for from 12 to 24 hours in alum- 
■ uochineal. 

2. Run the stained specimens up through the grades of alcohol 
into absolute alcohol. 

3. Transfer to absolute alcohol and chloroform, equal parts, for 
a. hour, then to pure chloroform. After an hour add melted paraffin 



A. Section Method 



to the chloroform from time to time until the latter contains all the 
paraffin it will hold in solution. Leave the objects in this mixture 
for at least 24 hours. 

4. Transfer to melted paraffin (melting-point about 48° C.) and 
keep for 2 or 3 hours at a temperature just high enough to liquefy 
the pai'affiu. Imbed after reading step 5. 

5. Prepare at least three sets of sections, one set in each of the 
three different planes of the body. The sections should be cut some 
20 or 30 microns thick. Read carefully the directions under mem- 
orandum 1, p. 126, before imbedding, so that the sections will be 
properly oriented. Read also caution under step 10 on p. 125. 

6. Carefully following directions under memorandum 1, p. 126, 
mount the sections with albumen fixative and albuminized water as 
usual (steps 17-21, pp. 40-41). 

7. Dissolve out the paraffin from the sections in the usual way 
after the latter are thoroughly dry. If not completely dry and tightly 
stuck to the slide some of the sections will float off. 

8. Pass the slides back into absolute alcohol for a few minutes, 
then into fresh xylol until clear. Add balsam and the covern 
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B. Whole Mounts (after Allen, op. at., p. 122} 

1. Select 5 to 7 mra. tadpoles which have been fixed in Tellyes- 
nicky's fluid (5, p. 209) and bleached in hydrogen peroxide for one 
week, or until white. 

2. Stain for 12 to 24 hours in alum-cochineal diluted with distilled 
water until the stain shows but a faint tinge of color. 

3. Run the tadpoles up through the increasing grades of alcohol 
into cedar oil, creosote, or synthetic oil of wintergreen and leave until 
clear. 

4. Using Canada balsam or daraar which has been heated in an 
oven for some days until it will harden immediately upon cooling, 
prepare several slides by dropping such heated balsam upon them 
until drops 3 or 4 iimi. deep and as wide as the cover-slip are formed. 
Let these harden. If small bubbles appear in such drops, place the 
slides in an incubator or a paraffin oven for some hours; the h 

the surface and may be skimmed off or burst with a 
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5. To nioiiut a tadpole in such a drop, heat the drop by holding 
it inverted over a flame for a moment, then with a scalpel previously 
dipped in xylol make a groove in it of suitable size and shape to fit 
the tadpole. The sides of the groove should press against the object 
in such a way as to hold it in the desired position. Some tadpoles 
should be mounted to present a dorsal, others a lateral, aspect. 

6. When the object is in place, fill in the space about it with a 
drop of soft balsam and gently but firmly press a heated cover-alip 
down upon the surface of the drop. Guard against including air 
bubbles. 

7. Examine the preparations after a week or more and, by pushing 
the cover-slip toward one side or the other, adjust any of the objects 

^ which may have shifted from the desired position. 
I MEMORANDA ON AMPHIBUK MATERIAL 

1. To Study Amphibian Eggs Entire, use a hand lens or dissecting 
microscope. Place the eggs on a bit of absorbent cotton under 70 per cent 
alcohol in salt cellars. The e^s are fragile; consequently, to manipulate 
them, use a softrfaair pencil or a current from a pipette. Use the same egg 
for Burface view and for sectioning when possible. 

2. Special Egg IHpettes for handling delicate objects should be prepared 
by breaking oft the tip of an ordinary pipette to enlace the orifice. After 
rounding up the broken edges in a flame, cover the broken end with a small 
piece of eoft^rubber tubing. 

3. Amphibian Eggs in General may be fixed (in masses of 15 or 20) in 
Telly esnicky's fluid (5, p. 209) or in Worcester's aceto-fonnol-sublimate 
mixture (20, b, p. 214). Chromic acid (11, p. 211) brings out surface views 
well, but the material becomes very brittle and does not take stains readily. 
If surface views alone are desired, formalin-preserved material will answer. 

4. To Remove the GelatinouB Coats of Eggs, roll them over and over on 
a bit of blotting paper. Either fresh or preserved eggs may be handled in 
this way. To prevent very soft eggs from drawing down and adhering 
tightly to the blotting paper, roll them off on to a paper of harder texture just 
before the last trace of gelatinous film has been removed. 

Whitman (Ainencan Naturalisl, XXII, 857) recommends putting the 
fixed eggs into a 10 per cent solution of sodium hypochlorite diluted with 
5 or 6 volumes of water and leaving them until they can be shaken free. 
This requires only a few minutes. Rinse the eggs in 35 per cent alcohol. 

is advisable to remove the albuminous coats before hardening in 

.hoi. 
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Child (.Zeittchrift /or wigtenschaftlicke Mikroskopie, XVII (1900], 205) 
states that the albumen which siuroundB many ova becomes transparent 
and dissolves if after fijtation (in any way except with chromic acid) the ova 
are passed up through the grades of alcohol to 80 per cent, hardened, and then 
passed down again through the alcohok into water which has been slightly 
modified with any acid except chromic. 

5. Amphibian Eggs Are So Friable that they are ordinarily eectioned in 
celloidin. If they are cleared from 95 per cent alcohol (avoiding absolute) 
into cedar oil or oil of wintergreen the?- are less brittle. However, good 
sections are obtainable with the Johnson asphalt-rubber method (memo- 
randum 9, p. 43) or by the more tedious paraffin-celloidin method (mem- 
orandum 8, p. 64). Older embrj'os are readily sectioned in paraffin according 
to the method already gi\'en (p. 119). 

6. Whole Eggs May Readily Be Cut into Halves with a safety-razor 
blade. They are often more serviceable for study along with obsen'ations 

on the external changes of cleavage, blaetula 
formation, gastrulation, etc., than the most 
elaborate serial sections. 

7. The Germinal Layers are much 
more distinctly seen in sections of young 
embryos of Ambystoma than in those of 
the frog. 

8. Very Thick Sections are sometimes useful. A 7 to 9 mm. tadpole, 
for example, cut into three sagittal sections is excellent for studying the 
general topography of organs. Also older tadpoles with the skin removed 
from one side before mounting are serviceable. 

9. Eggs Mounted Entire or in Halves, according to Allen's gelatin 
method [Kansas Unieersily BaUelin, IX, No, 8 [December, 1914]), are very 
successfully studied as opaque objects. The method, also useful for pre- 
Berving free-hand sections of various kinds, fine dissections, etc., is as follows: 

a) Dissolve thymol in distilled water nith the aid of heat until a saturated 
solution is obtained. Filter until clear. 

b) Soak gelatin in the thymol water until it has absorbed all it can hold, 
then drain off the excess of water. The gelatin, now ready for melting, may 
be kept in corked test-tubes. 

c) Prepare cells for mounting large objects by placing strips of glass upon 
a shde as indicated by the shading in the diagram (Fig. 41). 

d) Liquefy some of the gelatin by placing a teet-tube full into a warm 
water-bath, then pour it into the newly made cell, 

e) When the gelatin has set, melt small areas in it with a hot needle and 
insert the objects (e.g., a series of frog eggs in different stages of segmentation) 
to be mounted. Each of these must be held in proper position with the needle 
until the gelatin solidifies. 




Some Embryological Methods 



123 



/) Flood the cell with gelatin heated just enough to be a liquid and place 
a slightly warmed slide on top as a cover. Avoid air bubbles, and see that 
there is a complete film of gelatin between the cover-slide and the glass 
strips. Tlie cover should be held firmly in place till the gelatin solidifies. 

g) With a toothpick or similar object thoroughly clear out every trace 
of gelatin from the grooves formed by the projecting edges of the slides and 
the strips between them. Dry well. 

h) Run some cement such as gold size into the groove and set the prepa- 
ration aside to harden. Add more cement from time to time until the groove 
is completely filled up. Keep the preparation out of direct sunlight or away 
from radiators, as it must not be subjected to heat. 

If the objects have previously been hardened in formalin, so much the 
better, as the formalin will gradually diffuse out into the gelatin and harden it. 

Hollow-ground slides designed for use with a hanging drop may be used 
if preferred. It is sometimes desirable to solidify the gelatin more rapidly 
after the object is mounted, by placing it on ice. 

10. For Artificial Fecundatioo of Amphibian Eggs see 16, b, p. 135. 



■ THE CHICK 

■ A setting hen or an artificial incubator is necessary. In many 
ways the latter is more convenient as it may be kept in the laboratory 
and is ready at all seasons of the year. There are many kinds of 
good incubators on the market at present which may be had for a 
smaU sum. 

Whatever method of incubation is employed, the eggs must be 
freah and must not have been subjected to rough handling. The 
date and hour at which incubation is to begin should be written 
on the shell of each egg in ink. If late stages of development are 
desireil, the egg must be turned every few days. All products of 
combustion from the lamp or burner shouki be kept from the eggs 
and the supply of fresh air and moisture carefully maintained. The 
temperature should be maintained at 39° C. (102° F.). Should it 
rise above 40° C, embryos will be destroyed. 

Prepare at least 5 embryos as directed in the practical exercise, 
2 for in tolo preparations and 3 for sections. 

I. Place an egg which has been incubated for between 46 and 
54 hours, while it is yet warm, in a vessel which contains sufficient 
normal saline wanned to 39° C to cover the egg. In the fowl the 



embryo always makes its appearance as a gemunal disk or cicalricula, 
as it is tenaed, situated on one side of the yolk, which is the real egg 
of the hen, the white bemg simply a nutritive mass added in the 
oviduct. This disk or blastoderm in the early stages of incubation 
always turns uppermost no matter in what position the egg may be 
placed. Moreover, it has been found that the embryo in nearly 
every instance lies in such a position that when the blunt end of the 
egg is toward the left, the head of the chick is directed away from 
the operator. This fact affords a very reliable means of orienting 
the embryo, especially in the very young stages when the anterior 
and posterior ends are not easily recognized by the observer. 

2. Break through the shell at the broad end over the air chamber 
by tapping it sharply, and let out the air, or the broad end will tilt up, 

3. Begin at the hole made in the end and with blunt forceps 
remove the shell and shell membrane bit by bit from the upper sur- 
face of the egg until the embryo comes plainly into view. Remove 
with a pipette the thin layer of albumen which lies above the blasto- 
derm. 

4. With as little agitation of the liquid in the vessel as possible 
by means of fine scissors cut rapidly around the blastoderm well out- 
side of the vascular area. 

5. Carefully float the blastoderm into a thin watch^lass, keep- 
ing it as flat as possible. Shake it gently to remove the piece of 
vitelline membrane covering it, or any yolk which may adhere. 
The aid of a needle may be necessary to remove the vitelline covering. 

6. With a pipette remove all excess of fluid from the watch- 
glass but do not let the embryo become dry. In order to keep the 
edges from curling up and obscuring the embryo, touch small, 
rectangular pieces of dry filter-paper to the blastoderm around its 
periphery (Miller's method: Anatomical Record, V, No, 8 [August, 
1911]), and when they adhere use them for spreading the tissues 
flat. Stick the free ends of the paper strips to the bottom of the 
watch-glass to hold the membranes in this spread condition. 

7. Carefully add picro-sulphuric fixer (reagent 26, p. 217) until 
the embryo is completely immersed. The fluid should be allow 
to act for from 2 to 3 hours. 
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The paper strips may be left in place through subsequent treat- 
ment to 95 per cent alcohol for embryos which are to be sectioned, or 
to xylol for those which are to be mounted whole. 

Note, — Some prefer to fix the embryo before removing it from the egg. 
Aft«T aome of the albumen is drawn off, the fixing agent is squirted on to the 
blastoderm. As soon as it is opaque the latter is then removed to a vessel con- 
taining the fixing agent. Andrews {ZeiUchrifl fur vHii«enschafUiche MikrogkopU, 
XXI 11904), 177) injects picro-sulphuric acid (Ij between the vitelline membrane 
and the blastoderm sad (2) between the blastoderm and the yolk by means of 
a pipette which has a Gne upcun-ed point. The blastoderm may then be readily 
freed from the yolk. This operation should be performed before the ^g has 
been subjected to the action of any reagents. 

8, Wash in repeated changes of 70 per cent alcohol. Pass down 
through 50 and 35 per cent alcohol to water. Stain in alum-cochineal 
for 24 hours (Conklin's hematoxylin may be used if preferred). 

9, Wash the object in water and transfer it through 35 and 50 
per cent alcohol, leaving it 30 minutes in each. DecoIoriBe the 
embryo slightly in weak acid alcohol, then wash in 70 per cent alcohol, 
and leave it there until ready to proceed. 

10. Transfer the object through 95 per cent {1 hour), absolute 
alcohol (2 hours) to xylol, where it should remain about 2 hours or 
until it ceases to appear opaque. 

Mount two embryos entire, one with the ventral, the other 
with the dorsal, aide uppermost. Put bits of broken cover-glass 
or threads of glass under the edges of the cover to avoid crushing 
them. 

The three remaining embryos are to be so sectioned (steps 11 ff.) 
that the student will have a complete series of sections in each of the 
three different planes of the body with reference to the axis of the 
spinal cord: viz., transverse, sagittal, and frontal. Read carefully 
memorandum 1 on orienting serial sections. 

Cadtion. — Before aecltoning any embryo cdwaya make an outlint 
drawing of the entire embryo; then ride linsa across the dramrig parallel 
to the plane of section. Unless this is done great difficulty will be experi- 
enced frequently in understanding the sections. 

11. Infiltrate the embryo with paraffin in the usual manner by 
leaving it in melted paraffin for 2 or 3 hours. A paraffin melting at 



about 48° C. should be employed and sections should be cut 20 to 
30 microns thick. 

12. Imbed and cut in the usual way (chap, v). Mount the entire 
series. 

MEMORANDA 

1. Directioiis for Orienting Serial Sections. — n) In mounting tranfrvrtt 
sed,iom {sections across tlie main axis of the object), the sections beginning 
at the anterior end of the object are laid on the slide in the same sequence 
as the reading on the page of a book. In order to have right and left sidM 
and dorsal and ventral Burfaces in proper relation to the observer, mount 
the object in such a way that, in cutting, the knife will enter it on the left 
side and at the anterior end. Leave room at one end of the slide (see p. W) 
for a label and also a small mai^in at the opposite side. 

b) To get proper (»-ientation of /tojUiU sections (sections lengthwise of 
the object in a plane including right and left sides), arrange the object so 
that the knife will enter it on the right side and slice off the dorsal suifaoe 
first. Mount sections, with their posterior ends toward the upper edge of 
the sbde, placing the first section of the series to the left end of the upper 
row. This throws left and right, dorsal and ventral, into their proper posi- 
tion as viewed through the compound microscope, and the obser^'er looks 
from the dorsal toward the ventral aspectof the object. 

c) To mount sagiUal sections (sections lengthwise of the object in a plane 
including ventral and dorsal sides), arrange the object in such a position that 
the knife enters the ventral surface and slices ofT the right side first. Mount 
with the posterior end toward the upper edge of the slide, placing the first 
section of the scries at the left end of the upper row. Through the com- 
pound microscope the observer views the object from the right toward the 
left. The head will appear to be toward the upper end of the slide, the docwl 
surface toward the left. 

It is frequently advantageous to have the imbedding-mass trimmed 
unsjTnmetrically by leaving the edge which first comes in contact with the 
knife longer than the opposite edge. One may thus readily disco\-er if a 
section or part of a series has been accidentaUy turned over. 

2. Orientation of Objects in the Imbedding-Mass so that sections can 
be cut accurately in definite planes is frequently difiicult to accomplish. The 
following methods are useful in many instances: 

I, For paraffin seciions.— With a soft pencil rule the strip of paper which 
is to be used for making the imbedding-box into small squares or rectangles. 
After imbedding, upon removal of the paper a copy of the pencil marks *t11 
be found upon the block of paraffin. If the object has been arranged In 
the melted paraffin with reference to these lines, it is easy so to arrange 
the block in the microtome as to cut the object along any desired plane. 
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[t ia frequently an aid to orientation by this method to have one of the central 
ruled lines broader than the others, or double. 

Small objects which cannot conveniently be oriental in melted paraffin 
may be properly oriented and fixed to a small atrip of paper ruled as above, 
before they are placed in the paraffin bath, by a mixture of clove oil and 
collodion of about the consistency of thick molasses, as in Patton's method 
(Zeilxkrifl fur mssenschaflticke Mikroakopie, XI |1894], 13). One or a 
number of small objects which have previously been cleared in oil of bei^amot 
or cloves are mounted in small separate droplets of the reagent and oriented 
under a dissecting lens with reference to the ruled lines. The paper is then 
placed in turpentine which washes out the clove oil and fixes the object in 
place. The paper with objects attached is then passed through melted 
paraffin and imbedded in the ordinary way. Upon removal of the pajier 
from the hardened block a sufficient number of pencil marks remain to be 
used as a guide in sectioning. Instead of pencil marks Patton employed 
ribbed paper. 

II. For celloidin sectionn. — 

Eydeshymer'B Methods. — a) For imbedding, metal boxes made of 
two L's (Fig. 30) are used. The L's are held together by overlapping strips.' 
The ends and sides of the box are perforated at regular intervals by small 
boles which have been driUed opposite one another in such a way that 
threads drawn through them are parallel. Threads of silk are run 
through the holes from side to side, drawn taut, and cemented to the out- 
side of the box with a drop of celloidin. Each piece of thread should have an 
end two or three inches long hanging outside the box. A piece of heavy 
blotting paper is used as a bottom for the box. The object is oriented on 
the parallel threads and the im bedding-mass poured in and hardened. The 
loose ends of the threads are then soaked in a solution of thin celloidin which 
contaius lamp-black, the celloidin drops holding the threads taut are dissolved 
by a drop of ether-alcohol, and the blackened ends are drawn through the 
block of celloidin. The lamp-black leaves distinct black fines through the 
mass which will serve for properly orienting the celloidin block on the micro- 

Tills method is valuable also in reconstructions from sections (see chap. 
xviii). In such work it is very desirable to establish "reconstruction points" 
to guiile in fitting the wax plates together properly. The black rings of 
lamp-falack left in the sections answer admirably for this purpose, 

b) For small objects in which reconstruction points are not required 
Eycleshymer uses fine insect pins from which the heads have been clipped 
and the headless ends loosely inserted in handles. The objects are mounted 
on the points of the pins and oriented in tite desired position. Each pin is 
then removed from its handle, and the free end is inserted from below into 
a small x>erforation which has been made by passing a somewhat larger pin 
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lengthwise through a cork. A number of pins may be mounted on the same 
cork. To prevent the objects from becoming dry, the cork muBt frequently 
be inserted into the mouth of a vial fuil of alcohol in Buch a way that the 
objects are immersed. If desired, the objects may be sketched I't situ under 
alcohol by w«ghting the cork with lead and placing jt in a beaker of alcohol. 
To pass the objects through the various grades of alcohol, etc., simply trans- 
fer the cork bearing them to successive vials of proper eiie containing file 
different fluids. For imbedding in celloidin use the method given on p. S9, 
steps 2 ft. When the celloidin mass has hardened, the paper is removed and 
the pins are drawn out through the cork, thus leaving the objects in place 
ready for sectioning. 

3. In Measuring the Length of Embi^os some embryoIogiEtA (e.g., Minot) 
measure the greatest length of the embryo along a straight Une (limbs not 
included) when the embryo is in its normal attitude; consequently in some 
early stages where the embryo is greatly flexed the neck-bend would be the 
point to which to measure instead of the tip of the head, because it is the most 
anterior r^on; in stages where the embryo is straight, the head n-ould be 
included. Other embryologists (e.g.. His and Gexman authors in general) 
make use exclusively of the so-called "neck-length"; that is, the distance 
in a straight Une between the neck-bend and the caudal-bend. Still otheis, 
in the case of human embryos, use the so-called "sitting height" and "stand- 
ing height." 

4. For the Embryology of Teleosts the following are the most useful 
mounted stages; 

I. Whole mounU.— The 2-, 4-, 8-, 16-, 32-, and 64-cell stages (only the 
blastodisk segments); early periblast; late periblast; early genn-ting; 
embryonic shield; various stages of early embryos, such as embryos of 45, 
50, and 60 hoiu^. 

II. Secliona (paraflSn).— Of 4, 16, and 32 cells (vertical sections parallel 
to the firat plane of cleavage) ; late cleavage (vertical sections) ; early, mid, 
and late periblast (vertical sections) ; transverse and sagittal secUons of 
early germ-ring, embryonic shield, early embryo, late germ-ring, and clonng 
of blastopore, respectively. 

All stages may be fixed in picro-acetic (reagent 24, p. 216) or Botun'l 
fluid for 30 to 40 minutes. The eggs are finally preserved in 83 per cent 
alcohol. Child finds that fixation for about a minute in 10 per cent acetic 
acid saturated with corrosive sublimate, followed by 10 per cent formalin, 
gives good results without the yolk becoming hard. The ova of the Sal- 
monidae must be removed (after fixing and hardening) from their enveJopCa 
before the embryo can be studied. 

Before the preserved material can be mounted in loto or sectionedl, tiM 
essential part (the blastoderm) must ordinaiily be dissected off iindv k 
dissecting lens by means of sharp needles. If the blastoderms ai« to h 
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Qounted entire they may be passed down through the alcohol (see Walton '9 
levice, memorandum 4, p. 30), stained in Conklin's hematoxylin (reagent 51, 
>. 225), then dehydrated and mounted in the usual way. To avoid crushing 
he objects, the cover-glass should be supported by means of bits of broken 
over or glass threads. Material which is to be sectioned may be stMied 
n tolo or the sections may be stained on the slide. In the latter event, to 
Bcilitate orientation, it is necessary to tinge the blastoderms slightly with 
Bordeaux red or some other cytoplasmic stain unless the fixing reagent has 
Jready done eo. For the same reason it ht best to imbed the material in a 
ratch-glass, arranging it near the bottom of the paraffin-mass so that one 
^an see with a microscope how to shape the paraffin block in order to cut 
lections in the proper plane. The immersion in the melted paraffin should 
lot be longer than 5 or 10 minutes. The paraffin b beet hardened under 95 
ter cent alcohol. The sections may be stained by any of the hematoxylin 
nethods; iron-hematoxylin (p. 51) yields excellent results, 

5. To Study liviiig Eggs of Teleosts, a thin, flexible piece of sheet cellu- 
oid or mica should be used instead of a cover-glass. The egg must be rotated 
rom time to time, and this is easily accomplished with such a flexible cover. 

6. For Aitiflcial Fecundation of Teleost Eggs see p. 135. 

7. Tilting the Microscope into a Horizontal Position and examining the 
^gg in ita nonnal medium by direct Ught is an excellent method of studying 
)lastodisk formation in such forms as Ctenolabrus, for instance. Inasmuch 
18 the blaatodisk forms on the lower side of the egg, it appears to be on top 
vhen viewed through the compound microscope. 

S. To Preserve Teleost Eggs in Convenient Form for Demonstratiiig 
Liscoidal cleavage, embryonic shield, germ-ring, etc.. Smith (Transacltona 
if the American Microscopical Society, XXXIIl, No. 1 [January, 1914)) seals 
lieces of i-inch glass tubing at one end by holding in a flame. A series of eggs 
Lxed in corrodve-acetio mixture and preserved in formalin is placed in each 
ube and the opening plumed with cotton. The tube may be held in the hand 
md examined with a lens or dropped into a watch-glass filled with water 
md examined under a lens or binocular microscope. 

9. For the Average Course in Embryology of the Chick the following 
nounted stages are the most useful: 



|;I. Mounted 11 
Appros 



hours viewed from above and below 



96 hours (studied in alcohol under the dissecting microscope) 



. Sections. — - 

48 hours, traiiaverse, sagittal, and frontal 



The number of embryos needed for the above-mentioned preparations 
is as follows: 

5 embiyos of 4S hours (27-29 somites) 
4 " " 36 " (15-18 " ) 



(10-14 
( 4-6 



'■ 64r-72 houi 
' 9(3 hours 



{cervical flexure formed) 



10. To Mark Anterior and Posterior Ends of Young Chick Embryos in 

blastoderma which still have a homogeneous aspect, Duval's osmic-acid 
method is very useful. With a strip of paper 3 mm. wide by 50 inm. long 
a triangular bottomless box with narrow base is constructed. This is placed 
on the yolk inclosing the blastoderm in such a position that the base of the 
triangle corresponds to what will be the anterior region of the embryo (for 
orientation of embryo in the egg see step 1 of the practical exercise). Press 
the box down against the yolk and fill it with a . 3 per cent aqueous solution 
of osroic acid. In a short time the preparation begins to diirken and the 
osmic acid should be removed. The blastoderm may then be removed in the 
ordinary manner and fixed as desired (Duval used chromic acid for fixing). 
However, it is very difficult to separate the blastoderm from the egg during 
the first 24 hours of incubation, and it is advisable, therefore, to fix and harden 
both together and to remove the blastoderm later (see note under 7, p. 125). 
The blackened area affords a convenient means of orienting the preparation 
for sectioning. 

11. For the Stages of Maturation, FertilizatioD, and Segmentatioa in 
Mammals whit« mice will prove most useful because these processes are betttf 
known in them than in other mammab; furthermore, an abimdance of 
material may be procured. The o\-um, however, is extremely small, measur- 
ing only about 59 microns in diameter. It is surrounded by a very thin 
zona pellucida (1.2 microns). Long and Mark find a modified Zenker's 
fluid the most satisfactoiy for fixation. They make up two solutions: (1) * 
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4 per cent aqueous solution of potassium bichromate; (2) a 4 per cent 
aqueous solution of corrosive sublimate and 20 per cent acetic acid. The 
two solutions are mixed in equal proportions when needed for fixing. 

Female mice are in heat soon after parturition. They tend to omlate 
every 21 days during the spring months. The maturation process requires 
from 4 to 15 hours and usually occurs between 13 and 29 hours after parturi- 
tion.. The second polar spindle usually forms immediately before ovulation, 
but the second polar body may not be extruded unless the egg is fertilized. 
Ovulation occurs between 14 and 29 hours after parturition. The eggs are 
easily visible at first in a fold of the oviduct near the ovary. Insemination 
is most successful when it occurs between 18 and 30 hours after parturition. 
The spermatozoa reach the eggs in the upper end of the Fallopian tube in 
from 4 to 7 hours. 

For details and bibliography see (I) Kirkham, Biological Bulletin, XII, 
No. 4 (1907); also Tronsaclums Connecticut Academy o/ Arts and Sciences, 
XIII; (2) Long and Mark, "The Maturation of the Egg of the Mouse," 
Publications of the Carnegie Institute of Washington, D.C., 1911; also, "The 
Living Eggs of Rats and Mice with a Description of Apparatus for Obtaining 
and Observing Them," University of Califomia Pvbtications in Zo6hgy, 
IX, No. 3 (Feb. 23. 1912) ; (3) Daniels, "Mice, Their Breeding and Rearing 
for Scientific Purposes," American Naturalisl, October, 1912; (4) see also 
Danforth, Anatomical Record, X, No. 4 (Februaiy, 1916), for some very 
practical suggestions regarding use in classes. 

The phenomena of maturation and fertiUzation in the albino rat are de- 
scribed in a paper by Sobotta and Burckhardt in Anatotniscfie Hefte, XLII, 
1911 (summarized in Huber's paper cited on p. 133). See also Kirkham 
and Burr, "The Breeding Habits, Maturation of the Eggs and Ovulation 
of the Albino Rat," American Journal of Anatomy, XV, 1913. 

12. For Early Stages of the Mammalian Embryo rabbits are commonly 
employed because they breed readily, especially in the spring of the year, 
and the obser\-er can note the exact time when the female is covered if she 
has been kept separate from tiie buck until she comes into heat. The period 
of gestation is 30 days and impregnation takes place again immediately 
after littering. The two uteri of the rabbit diverge as two anterior horns 
from the fiingle median vagina and each terminatea in front in a narrow, coiled 
tube, the oviduct or Fallopian tube. To obtain the early stages the abdomen 
is slit open from pubis to sternum, the intestinal tract is cut away or pushed 
to one side, and each uterus and oviduct carefully removed and stretched out 
along a glass plate. The segmenting ova are found in the oviduct up to 
nearly 70 hours from the time of copulation. After tliat period of time they 
must be looked for in the uterus. Fecundation takes place about 9 hours 
after coition. While in the oviduct, with the aid of a lens they may some- 
limes be Been through its walls. A segmenting ovum once located, a transverse 
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cut is made to one side of it through the wall of the oviduct, and the 
ovum, which is very email, is gently squeezed out by compressing the oviduct 
behind it, With a spear-headed needle or the point of a scalpel the o\'uiu 
is conveyed to the fixing fluid. In case segmenting ova are not visible from 
the exterior of the oviduct, the latter must be slit open carefully with a pair 
of hne-pointed scissors, and the eggs sought for by means of a tens- In case 
no red corpora lut<a are visible on the surface of the ovary, indicating a 
recent discharge of ova from the Graafian folhcles, further search is useless. 

Rabbit ova of IS hours show 4 blastomeres; 36 to 48 hours, advanced 
segmentation; 72 hours (about 0.6 mm. in diameter; in anterior end of 
uterus) show the fully s^mentcd o\-um — an outer layer of clear, cubical 
cells, an inner mafis of irregular granular cells; 72 to 90 hours show enlarged 
blastodermic vesicle and establishment of embryonic area; 5th and 6th 
days (0.8 to 4 mm.) show germinal layere; 7th day, primitive streak; 8tb 
day, medullary folds. 

The earher stages (up to 70 hours) may be fixed for from 5 to S minut« 
in a 0.3 per cent aqueous solution of osmic acid, stained in picro-cannine, 
and transferred to a mixture of glycerin and water, equal parts. They should 
remain in this fluid for a week under a bell-jar so that the wat«r gradually 
evaporates. The object may then be mounted in formic-glycerin (formic 
acid I part, glycerio 99 parts). To avoid pressure of the cover-glass, the 
object should be moimted in a cell or between two slips of paper or pieces of 
cover-glass, If the preparation is to be permanent the cover-glass should 
be sealed (see p. 95) . 

To render the cell outlines distinct, stages of from 70 to SO houis are 
best treate<i, after rinsing in distilled water, with a 1 per cent aqueous 
solution of silver nitrate for 3 minutes and then exposed to hght in a dieh 
of distilled water until they become brown. They are then treated with 
water and glycerin and mounted in formic-glycerin as in the case of youngs 
stages. 

For sections the embryos should be placed in Bouin's or Zenker's fluid 
for one or two hours, then washed in the customary way for these methodl, 
stained in alum-cochineal, and sectioned in paraffin. 

In opening the uterus, the incision should always be made along die 
middle of the free side, opposite the insertion of the peritoneal fold, becuue 
this line of insertion marks the region of attachment of the embryo within 
the oviduct. By the 7th or 8th day the developing ova have taken tqf 
positions at intervals along the inner walls of the uterus and have beoonK 
so firmly attached to the mucous membrane that they can no longer be 
detached unmutilated. For further particulars regar(^g the embryology 
of the rabbit, the reader is reierred to E. Van Beneden and Charles JuUn'a 
"Recherches sur la formation des annexes foetalis ches lee mamnufirei," 
Archivet de Biologte, V (1884), 378. See also Assheton, " 
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into the Iparly Stages of the Development of the Rabbit," Quarterly Journal 
MtcmKCftical Science, XXXVIl (1895). 

With' the aid of Huber's paper (Journal of Morphology, XXVI, No. 2 
[I915|; 8'1-io iWemoiV* of the Wistar Inalilule of AnaUtmy and Biology, No. 5), 
which covers the de^'elopment of the albino rat from the pronuclear stage 
to the en'fi of the 9th day, it is now feasible to use the rat for early embryonic 
stages. jHubcr found Camoy'a fixing fluid {reagent 2, h, p. 207) the most 
satisfactory'. He fixed tissues for several hours, washed them in several 
changes of absolute alcohol, and stored them in the latter. He found that 
sectioning ovary, o\'iduct, and uterus en masee was more aatisfactoiy than 
isolating and sectioning the separate ova, although he used both methods. 
For staining he employed mainly henmlum, fallowed by Congo red. His 
methods are described at some length In the (laper. * 

13. For Older Stages of the Mammalian Embryo pig embryos are com- 
monly employed. They may often be procured in large numbers and 
with little trouble at the larger pork-packing establishments. The most 
valuable stage for study is an embryo of from 10 to 13 mm. in length, In 
most laboratories it is customary to make a detailed study of an embryo of 
about this stage and then a more general survey of both smaller and larger 
sizes. 

E^arly stages are much more difficult to obtain than advanced stages. 
Embo'os of 6 mm, length and over may usually be readily located by the 
enlargements which they cause in the uterine walls. The ut«rus should be 
handled carefully and opened aa soon as possible. The embr>o is best 
removed by means of fine forceps and a horn spoon. It is very delicat« 
and should not be handled roughly. The chances are that in removing the 
embtyo the membranes will be ruptured and the amniotic and allantoic 
fluids will escape. Larger embryos should have the body cavity punctured 
to admit the fixing fluid. 

Submerge the embrj-o without remo\ing the membranes in a bounti- 
ful supply of Kleiiienberg's picro-aulphuric acid (reagent 26, p. 217), mo^'ing 
it about gently to rinse off any coagulum that may form on the surface. 
Lavdowsky's fluid ( 19, p. 214) is also a good fixing agent for pig embryos and 
is to be preferred for the older ones. 

Leave embryos of 6 to 9 mm. 2} hours; 12 to 15 mm., 4 hours; 20 to 
25 mm,, 6 to 8 hours. 

For washing and subsequent treatment see reagent 26, p. 217. Embryoa 
loay be stained in lolo In alum-cochineal or borax-carmine. 

For studying the uterus, placentation (diffuse in the pig), and embryomc 
membranes in place, formahn-hardened material may be used after first 
thoroughly washing it in water. 

For gross dissection of embryos tlie specimen should be studied in alcohol 
under the dissecting microscope. 
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Because of the aaymmctry of young embryos it is impossible I 
strictly Iransverse, sagittal, and frontal sections. Minot recoini 
fore, that for practical purposes the plane of section be taken v.-i\ 
to the head alone irrespective o! how it may cut the other parts of llhe body, 
and suggests the floor of the fourth ventricle of tlie brain as tlie ^uide for 
orientation. In liis Laboralory Text-Bopk o/ Embryology he iMpecially 
recommends that each student prepare sections of the following kteges of 
pig embryos: 9mm., transverse and sagittal, frontal of the head,( emm., 
transverse, frontal of the head; 17mni,, transverse and sagittal,, frontal 
of the head; 20 mm., transverse and sagittal, frontal of the head; 124 nun,, 
frontal of the head. 

14. Human Embryos of all ages are very valuable material for scientific 
purposes. Physicians and surgeons are urged to preserve such malerial 
properly and turn it over to some competent embryologist. Very young 
human embryos are exceedingly desirable. Fill the containing vesi^ com- 
pletely with fluid in order to avoid shaking. 

An excellent fixing reagent, the ingredients of which a phj'sician can 
usually readily procure, is Lavdowsky's mixture (reagent 19, p. 214). The 
embryo should remain in this fluid from 12 to 48 hours, according to sase, and 
then be preserved in 80 per cent alcohol (or commercial alcohol to which 
has been added about one-fifth its volume of distilled water). Use a wide- 
mouthed bottle with tightly fitting stopper. 

Zenker's fluid (reagent 6, p. 209) is better for larger-sized embrj'os. 
Material should be left iu it from IS hours to several days. For washing 
and preserving follow the directions given under the description of the fluid. 
For fetuses use a fruit-jar of such a size that the embryo can be kept in about 
10 times its volume of fluid. 

In case the above-mentioned fluids are not available, the material may be 
Q 10percentformaliu{lpartof commercial formalin to 9 parts of dis- 
tilled water) and left indefinitely. As a last resort, if no other fixing reagent 
is available, the embryo may be placed in the strongest alcohol which can 
be secured and later transferred to 80 per cent alcohol for prcBervation. 

The specimen should not be handled nor allowed to lie in water. When 
the proper reagents are not at hand, carefully wrap the object in cloth and 
keep it on ice if possible until they can be secured. Very small embryos 
may be fixed and preserved with membranes intact; older ones (6 weeks to 
3 months) should have the membranes ruptured. To secure tJie best fixa- 
tion of fetiiscs (2 months and beyond), the specimen should be divided, or at 
least the body cavity should be opened. 

15. For Micro-Dissection of Small Embryos, after fixation Ueuser 
stains for 24 hours in alum-cochineal diluted with 5 times its volume of water. 
He then fixes the embryo to a small square of thin ground glass with celloidin 
eement (about 0.75 per cent solution of celloidin) and dissects iu alcohol 
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r the binocular microscope. The dissected specimen may be preserved 
at any stage by placing it, still attached to its gloss support, in alcohol in a 
shell vial of suitable size. Necessary data may be written with a pencil 
on the ground surface. 

Streeter (American Journal of Anatomy, IV, No. I, p. 87), after dehy- 
dratiog in absolute alcohol attaches the embryo with a drop of thick celloidin 
to a smoked isinglass strip coated with thin celloidin and places it in 80 per 
cent alcohol. The black serves as a good background for the embryo and 
may be written upon. During dissection the isinglass strip is clamped to a 
glass sUde which has been cemented with bakam to one facet of a cut-glaas 
polyhetlral paper-weight. The object can thus be placed in any desired 
plane and dissected in alcohol under a binocular naicroscope. 

16. Artificial Fecuadation when it can be practiced is the moat convenient 
means of securing early stages of de\'e!opmeut. This is possible with many 
worms, coelenterates. echinodemis, cyclostomes, teleosts, and anuraa 
amphibia. 

a} In echitwdenna (e.g., sea urchin) the female is cut open and a number 
of the living eggs transferred to a watch-glass which contains fresh sea water. 
The testes of a male are teased out in sea water and a drop of the mixture 
is conveyed by means of a pipette into the dish containing eggs. Imme- 
diately upon fertilization a membrane forms around each fertilized egg. In 
about 40 to 60 minutes after fertihzation the signs of the first cleavage should 
appear. The blastula forms in about 6 hours, and the gaslrula in about 12 
hours. For the study of fertilization, etc., the following stages should be 
fixed in Bouin's fluid (p. 29) for 30 miuutes and stained in iron-hematoxylia 
(p. 51); 5 minutes after fertilization, nucleus gi\ing off polar bodies; 30 
minutes after fertilization, approaching pronuclei; 50 to 55 minutes after 
fertilization. diviMon of nucleus (mitotic figure) in the first cleavage, 

6) In amphibia (e.g., frog) both male and female are cut open, the vaea 
deferentia or testes are tea.sed out in a watch-glass full of water, and the ova 
are then removed from the lower ends of the oviducts and placed in this water. 
After fertilization the eggs should be placed in glass dishes in not over 4 
inches of water. Many eggs should not be placed in one dish. See also 
memoranda, pp. 121-123. 

c) In teleoets the eggs are obtained by stripping the female when she 
is in spawning condition. At such times the eggs are loose in the body 
cavity and may be pressed out by gently manipulating the belly of the fish. 
The head of the fish should be held in one hand, the tail in the other, and the 
thumb or the thumb and forefinger used to press out the ova into a clean, 
dry finger-bowl. The milt of the male is obtained in the same manner in 
a dish containing a little fresh or sea water, depending upon the habitat of the 
fish. When the water becomes milky with sperm pour the mixture over the 
eggs. Eggs and sperm are then gently stirred about by means of a feather 



to insure thorough mixiiig. However, in some teleosts (e.g., etickleback, 
Fundulus) it is necessary to kill tlie male and tease out the testes. In the 
cuimer (Ctenolabrus) 10 minutes after fertilisation tie formation of blaelo- 
disk and polar bodies may l>e observed; 30 to 33 minutes after fertilization 
the two pronuclei may be found in close approximation. 

If other than the very early stages are required, the fertiliBed eggs must 
be transferred to a hatching-box or jar, depending upon the kind of egg. 
This is best done by means of a horn spoon and a feather. Dead eggs, 
recognizable by their opacity, should be removed at least once a day. The 
conditions under which the eggs of different species thrive are so varied that 
the reader must be referred for details to such special pubhcations as those 
of the United Stales Bureau of Fisheries or the foh commissions of the 
various stateN. 

17. For the Study of Early Cleavage in Living Material the eggs of some 
of the water snails afford an abundance of excellent material. By watching 
aquaria which contain snails the fresh material can easily be obtained dur- 
ing the apringand summer. Twigs and bits of board to which the egg-masses 
ntay be attached should be placed in the aquaria. 

If one is at the seashore, the sea urehin, starfish, squid, various marine 
annelids, mollusks, and coelenterates afford an abundance of material. Of 
the marine fishes Fundulus and Oenolabrus are excellent. Of freBh-water 
fishes the whitefish {spawning in November or December) and the pickerel 
(in April) show cleavage well, althougb in tlie whitefish it is very slow. 

IS. For Quick Preparation of Cleavage Stages for study in tolo, in forms 
where there is considerable yolk, Spaeth finds useful often a mixture of equal 
parts of glacial acetic acid, glycerin, and water, to which enough Delafield's 
hematoxylin is added to make it a light tan color. 

19. Chinese Black added to the wat^r on the slide in which eggs K'ith 
very transparent jelly (e.g.. Nereis) are being examined outlines the egg 
distiJictly and shows the path of the spermatozoon through the jelly. 

20. For the Study of the Formation of Polar Bodies, FeitiUzation, and 
Early Cleavage in Sections nothing surpasses the eggs of Ascarls. The 
Aficarls (A. megnlocephuhi) from the horse is preferable, although .4. Iwnbri- 
coitks from the pig will answer. 

The ovisacs, two in number, are very long convoluted tubes. Differ- 
ent regions contain egp in different stages of development. The thicker 
tubes toward the anterior end of the animal contain cleavage stages; back 
of these are cells showing extrusion of the polar bodies and fertiliaation 
stages. The material must be fresh; either bring the live Ascaris to the 
laboratory or take the fixing fluid to the place for obtaining the material. 
I SlJt open the abdominal wall of the worm and remo\-e the ovisacs and after 
ft Beparating the numerous convolutions somewhat, fix them entire for 2i houts 
■m a mixture of absolute alcohol 4 parts, glacial acetic acid, I part, or for 
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15 to 35 ininut«s in acetic-aicohol-chlorotorra (reagent 2, b, p. 207) saturated 
with corrosive sublimate. Preserve in 80 per cent alcohol. To locate 
Eggs of the desired stage tease out eggs at intervals along the ovisacs, stain 
with acid cannine (reagent 38, p. 222), and examine. The proper region once 
located, cut out small lengths of the tube, imbed it in paraffin, and make 
thin trans\'erse sections. In order to keep the eggs from shriveling, the bath 
in hot paraffin must be curtailed. Use the method for delicate objects (p. 53). 
Stain by the iron-hem atoxylin method (p. 51). Ascaris eggs when smeared 
on a, slide in thick albumen fixative, which is then coagidated with forma- 
lin, will go on de\-eloping if put into an incubator. 

21. The Cultivatioii of Removed Embryonic Tissues in clotted lymph, 
plasma, nutrient agar, bouillon, and in various salt solutions is an important 
phase of embryological technique which has been developed largely in the 
past ten years, but the subject is too extensive to treat in detail in limited 
jpace. A general method is given and the reader is left to look up modifica- 
tions and other methods in the papers Iiste<l at the end of this memorandum. 

,\ll dissections must be carried on under aseptic conditions. Sterilixe 
all instniments, pipettes, shdea, covers,, and vaseline in a Bunsen flame. 
For cultivation of tissues use a Locke's solution to which dextrin has been 
addeil. It is made as foltowsr 

I To 100 C.C of dtatilied water add: 
I NtCl 900 per cent 
I CaCU, 0,025 per cent 
I KCI - 042 per cent 
I NaHCO,, . 020 per cent 
I Dextrin 0.250 percent 
■Remove an 8- or 10-day chick embryo, under aseptic conditions, to about 
or 20 C.C. of the sterilized solution heated to 39° C. Cut out bits of intes- 
tine, kidney, hver, heart, or spleen a few millimeters in diameter and place 
into another dish which contains 10 to 20 c.c. of the solution at 39° C. Cut 
each small piece up into smaller pieces a fraction of a millimeter thick. 
Draw ihesc up into a sterilized fine pipette, one at a time, with some of the 
solution and make hanging-drop preparations {Fig. 40) of them on sterile 
covi?r-«bps which are thoroughly clean and free from every trace of grease. 
Invert each cover-slip on to a vaseline-ringed, hollow-ground sUde which has 
been sterilized. For rings use a vasehne melting at about 46° C. A bit 
of paraffin may be added to ordinary vasehne to stiffen it. 

Incubate the culturea at about 39° to 40° C. Growth bepns within 10 
to 20 hours and, as indicated by the niunber of mitotic figures, reaches ita 
maximum on the second or third day. When it is desired to examine the 
living tissue do so on a warm stage. The margins of the growing regions 
are the best points to examine because there the cells are only one or two 
layers thick. ^Method of Leuns and Lewis.) 

i 
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When permanent preparations are desired the cover-elip is remofved from 
the vaseline ring and the film of tissue is fixed, on the cover-slip, by meanE 
of osmic-acid vapor. After fixation the denser central piece of tissue is 
torn away, leaving only the thin film of new growth which is treated on the 
cover-slip as one treats sections on a slide. Stain in iron-hematoxylin or in 
EhrUch's hematoxylin and eosin. 

Further details of tissue culture in vUto and bibliographies will be found 
in the following papers; Harrison, Analomical Record, I (1907); Journal oj 
Experimenlai ZoSlogy, IX (1910); Carrel and Burrows, Journal of Experi- 
mental Medicine, XIII (1911); Lewis and Lewis, Johns Hopkine HoapiUd 
BvUetin, XXII (April, 1911), 241; Analomical Record, VI. Nos. 1 and 5 
(1912); American J ouriud of Anatomy, XVU, 'So. 3 (MaxQh, 1915): AnaUmtir 
cai Record, X, No. 4 (February, 1916). 

22. The Living Embryo of the Chick may be kept under obsen'ation 
for some hours while still in the egg by employing one of the so-called "win- 
dow" methods. The simplest method is to cut out a disk of the shell on one 
side under as nearly aseptic conditions as possible, so that the embryo is 
exposed. A bit of the white is removed and a film of celloidin is laid over the 
opening to form the window. It must adhere fijTnly at every point around 
the margin. The embryo will continue to develop for some time if the egg 
is put back into the incubator. 



CHAPTER XVII 
SOME CYTOLOGICAL METHODS 

In the verj- many cytological methods which have been in vogue 
during the past few years two fixing fluids, Flemming'a strong and 
Bouin's, and two stains, iron-he matoxylin and safranin, stand pre- 
eminent as of general utiUty. Iron-hematoxylin with or without 
a counterstain may be used successfully after either of the fixing 
fluids mentioned. The safranin is more likely to prove successful 
after Flemming's, although in some materials good preparations can 
be made with it after Bouin's fluid. Two other Hxing fluids, Gilson's 
mercuro-nitric and the acetic-sublimate mixture of Carnoy and 
Lebrun, are also of wide application, especially when followed by 
iron-hematoxj'lin as a stain. 

A recent method of fixation developed by Dr. Ezra Allen gives 
promise of equaling if not surpassing any of the foregoing, particularly 
in the study of mammalian tissues. The method is given on p. 149. 

In preparing tissues for cytological work it is imperative that 
pieces should be small, not more than 3 or 4 mm. thick where prac- 
ticable, to insure thorough and even fixation. To secure penetration 
from all sides, it is well to place a few layers of filter-paper in the 
bottom of the vessels in which tissues are fixed and to shake the tissues 
about a little from time to time. Mechanical injury may be avoided 
by binding a bit of clean linen on the ends of the forceps with which 
tissues are handled. 

I. MITOSIS 
For general study of cell structures, and particularly cell division, 
I have found nothing which can readily be obtained in quantities 
sufficient for class use that surpasses the crayfish testis, the blastodisk 
of the whitefish, the epidermis and testis of Ambystoma and Necturus, 
and the maturation and cleavage stages of Ascaris. Ascaris material 
has already been discussed (p. 136). 
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Robertson {Journal of Morphology, XVII [Juue, 1916]) fiudslbat 
in grasshoppers of the family Tettigidae, taken before the last moult, 
cells dividing mitotically may be fomid in large numbers in the mesen- 
teron, proctodaeum, fat-body, hypodermis, and the follicles of the 
gonads. The columnar epithelium of the meseuteron seems to be 
the most favorable region for finding such divisions. Inasmuch as 
the members of this family have only thirteen or fourteen chromo- 
somes, the material should prove to be exceptionally valuable for 
purposes of class demonstration. 

Testis of Crayfish 

The testicular cells of the crayfish {Cambarus viriUs) will be 
found in active proliferation from the middle of June to the middle 
of July. The chromosomes are too small and too numerous for 
satisfactory individual study, but the apindle-s and centrosomes are 
distinct and the general pictures of representative stages are clear-cut 
and easily found. 

Section Method.^1. Fix small bits of the testes, 3 to 4 mm. 
thick, in Flemming's fluid (12, p. 211) for 24 hours. Wash in running 
water 6 to 12 hours, dehydrate, and imbed in parafRn according to the 
methods for delicate objects (p. 53) or the "drop" method (6, p. 152). 

2. Cut sections 5 to 7 microns thick and mount several slides by 
the water-albmnen method. 

3. After removing the paraffin with xj'lol and running the slides 
down through the alcohols, stain some of the sections by the iron- 
hematoxylin method (p. 51) and eounterstain with acid fuchsin or 
orange G. Run the sUdes up through the alcohols, clear in xylol, 
and mount in a thin balsam. Use a No. 1 cover-slip if the prepara- 
tion is to be studied with an oil-immersion lens. 

4. Place others of the slides in safranin (72, p. 234) for 24 hours, 
then rinse in water and run up through the alcohols to 95 per cent. 
Counterstain for 30 seconds in a 0.5 per cent solution of light green 
(Lichtgriiti S.F.) in 95 per cent alcohol. If the sections are left too 
long in the green stain the safranin will be washed out. Pass the 
slides through absolute alcohol into clove oil for a few minutes, 
rinse in xylol, and moimt in thin balsam under a No. 1 cover-slip. 
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Smear Preparations. — Remove the fresh testis to a slide and 
tease somewhat with needles in order to rupture the cysts which 
inclose the germ cells. Spread the mass evenly over the slide with 
the end of another slide and then Satten it between the two slides 
in a very thin film. Avoid any considerable pressure, Separate 
the elides by slipping them apart. Each should bear a ver>' thin 
coating of the material. Plunge them into Flemming's fluid and 
leave for 24 hours. Wash in running water for 6 to 12 hours, then 
with forceps pick or scrape off all lumps of tissue which m^ht later 
keep the cover-slip from fitting closely. Stain and mount as if the 
films were sections. 

If preferred, some of the slides can be fixed in Bouin'e fluid for an 
hour or two, washed in 50 per cent alcohol, then stained in iron- 
heniatoxylin and couuterstained in acid fuchsin or orange G. 

Blastodtsk of Whiteflsh (Coregonus) 
B 1. Spauii the females and fertilize the eggs {in early December) 
as directed in memorandum 16, p. 135. 

2. Select eggs in the 32- to 64-cell stage of cleavage (40 to 60 
hours after fertilization) and fix for 6 or 8 hours in Bouin's fluid, 

3. Wash in repeated changes of 50 per cent alcohol, then in 
70 per cent alcohol until the yellow color ceases to come from the 
eggs- 

4. With needles carefully dissect off the blastodisks under a 
binocular or other dissecting microscope. 

5. Dehydrate, section in paraffin (method, p. 36), stain in iron- 
hematoxylin with or without a counter.stain, and mount as usual. 
Sections should be about 7 microns thick. 

The eggs of the pickerel, obtainable in April, may be handled 
with equal ease. They cleave much more rapidly than do those of 
the whilefish. 

Testis of Nectunis 

The cells of the testes will ordinarily be found undergoing rapid 
proliferations in late July and early August. Those toward the 
posterior end of the testis show the most advanced stages of spermato- 
genesis, those toward the anterior end the least advanced stages. 



Both ceUs and chromosomes are very large. The spindle usually 
shows up well and the chromosomes exhibit considerable variety in 
shape and size. 

1. From different regions of the testis fix some bits of testis m 
Bouin's fluid (6 to 8 hours) and others in Flemniing's (24 to 36 hours). 
Wash out the Bouin as in 3, p. 141, and the Flemraing according to 
directions in step 1, p. 140. 

2, Dehydrate, imbed, and section according to the usual paraffin 
method. 

Iron-Hematox7lin Preparatioas.^3. Stain sections of each kind 
of material according to the ordinary iron-hematoxylin method with 
or without a counterstain (pp. 51-52.). 

Safranin-Gentian-Vtolet Preparations.— 4. Also stain some of the 
Flemniing material according to the safranin and gentian-violet 
method (73, p. 234). 

Safranin-Gentian-Orange Preparations. — Use saturated aqueous 
solutions of safranin, gentian violet, and orange G respectively. 
Rinse and stain in gentian violet 2 to 5 minutes (time determined 
by trial). Pipette absolute alcohol over the sections until the 
violet is out of the cytoplasm, then follow with orange G, pipetting it 
on and removing it again almost instantly. Wash off with absolute 
alcohol, dip in oil of clovea, clear in xylol, and mount in thin balsam 
under a No. 1 cover. 



Somatic Cells of Ambystoma 
Epidermal Cells.^Cut off the tails of several one-moni 
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Ambystoma larvae into Flemniing's fluid. At the end of 2 
hours strip off bits of the epidermis from the tails and fix these 
strips for some 20 hours longer in the fluid. Wash in running 
water 6 to 8 hours, stain some according to the iron-hematoxj-Un 
method (p. 51) and others with safranin and light green (step 4, 
p. 140). Dehydrate and mount as usual. 

If Bouin's is used instead of Flemming's fluid, the peeling off of the 
epidermis need not l)e done until the end of fixation (6 to 8 hours). 

Peritoneal Cells. — Parmenter reconmieada larger larvae than 
those used for epidermis. He cuts away the side walls of the body 
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cavity, pulls out the intestine, and fixes the remaining tissue In the 
region of the spinal coiuiiin in Flemming's or in Bouin's fluid as 
above. Bits of the peritoneum on either side of the dorsal mid-line 
are stripped off and prepared as was the epidermis. 

Either of these kinds of preparations shows splendid polar views 
of cell-division stages, though little or nothing of lateral views, 
Thej' are especially favorable for showing longitudinal splitting of 
chromosomes. 

Living Cells. — Curarize Ambystoma or other young amphibian 
lar\'ae by adding (according to size of larva) 5 to 10 drops of a 0.5 
per cent solution of curare in equal parts of glycerin and water to a 
watch -glassful of water. After 40 minutes remove for half an hour 
to a 1 per cent solution of sodiuin chloride in water. Wrap in blotting 
paper and examine the tail &n on a slide under the microscope. Cell 
divisions may be seen in progress. 

If replaced in fresh water such larvae recover after some hours. 
After curarizatioii some workers prefer to cut the larva in two parts 
in front of the hind Umbs, studying only the tail. The gills also 
show interesting cell activities. If curare is not at hand a 3 per 
cent alcohol or ether may be used, although not so successfully. 



Fn. MITOCHONDRIA 
Recent studies tend to show tliut mitochondria occur more or less exten- 
sively in nearly all kinds of tissue. They were largely overlooked in the past 
because many of the fixing fluids in use contain strong organic acids, such as 
acetic, and these dissolve mitochondria. They are sometimes stained with 
great Bharpness by iron-hematoxylin, following fixation in Flemming's 
strong mixture (12, p. 211) in which, instead of 1 c.c, only 3 to 6 drops of 
glacial acetic acid are used for every 15 c.c. of chromic acid. For their 
careful study, however, cytologists are using special methods. These are 
too numerous and complex to be reviewed in an elementary guide to tech- 
nique. BibUographies and discussion of the technical details will be found 
in the publications of Bensley and particularly of Cowdry. See Bensley, 
American Journal of Analomy, Xll (1911), 297-388; Cowdry, 7 nternfl/itmo/e 
MonaUgchrift /fir Anatomie und Phyxiologie, XXIX (1912); American 
Journal of Anatomy, XVII, No. 1 (November, 1914); ibid., XIX, No. 3 
(May, 1916); GontHbtUions lo Embryology. No. 11, Carnegie Institution of 
Washington. 
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Three methods of wide application are as follows: 
Benda's Method. — 1. Fix for eight days in a modified Flemming Butf 
made as follows: 

Chromic add, I per cent 15 e,c. 

Oamin acid, 2 per cent 4 c.c. 

Glacial acetic acid , 3 drops 

2. Wash in water for 1 hour, then for 24 hours tn a mixture of 101) parts 
pyroligneous acid and 1 part chromic acid. 

3. Transfer to a 2 per cent potassium bichromate solution for 24 houiB, 
run up through the grades of alcohol to xylol, and finally infiltrate with 
parafGa and section. Sections should be about 5 microns thick. 

4. After removal of paraffin from sections run them down to distillpd 
wat«r and place them in a 4 per cent iron-alum solution for 24 hours. 

5. Wash thoroughly in water and transfer to a solution of Kablbaum's 
sulphalizarinate of soda (made by taking 1 part of a saturated aqueous solu- 
tion of the stain to from SO to 100 parts of distilled water) for 24 hours. 

6. Rinse the slide in distilled water and flood it with a crystal violet 
anilin-water solution (equal parts of anilin water and a 3 per cent solution of 
the dye in 95 per cent alcohol). Warm until the solution steams, keeping 
it heated for about 3 minutes. 

7. Wash in distilled water, transfer to 30 per cent acetic acid for 1 or 2 
minutes, then wash in running water for 5 or 10 minutes. 

S. Dry the slide with filter paper, dip it for a minute into absolute 
alcohol, place in oil of bergamot until cleared, then transfra* it through xylol 
and mount in balsam in the usual way. 

A successful preparation should show chromatic elements a deep purple 
and the cytoplasm a fight red with mitochondria violet. 

Wildman [Journal of Morphology, XXIV, No. 3 |19I3|) modifies the 
method by transferring sUdes from the alisarin solution, after rinsing, into 
a 3 per cent solution of crystal violet (3 c.c. of anilin stain in 100 c.c. of dis- 
tilled water) for 10 minutes; rinsing and passing into 80 per cent alcohol 
for 5 seconds; passing through 95 percent and absolute aJcohol; and, when 
properly differentiated, clearing and mounting in the usual way. 

Bensley's Acld-Fuchsin, Hethyl^Green Methods.— Fix tissues for 
hours in the following: 



Osmic acid, 2 per cent 2 c.c. 

Potassium bichromate, 2,5 per cent 8 c.c. 

Glacial acetic acid ,.,...,. 1 drop 



J 



Sections should be 4 microns or less in thickness. Mount by the 
method (p. 23), remove paraffin with toluol, then pass through absoluta 
alcohol to water. Treat for from 30 seconds to 1 minute (determined by 
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trial) with a 1 per cent solution of polaasium permangaiiate, then for the 
same length of time with a 5 per cent solution of oxalic acid. The per- 
manganate extracts the mordantinj; elements of fixation and the oxalic 
acid removes the permanganate. Thoroughly wash in water. 

Stain for 5 minutes in Altmann's acid fuchsin (acid fuchsin 20 gnunE, 
anilin water 100 c.c.) which has previously been warmed to 60° C. Wash 
thoroughly in distilled water, dip for an instant into a 1 per cent solution of 
methyl green, then wash, rapidly dehydrate in absolute alcohol (avoiding 
alcohols of intermediate i^trengths)) clear in toluol, and mount in balsam. 
Toluidin blue can be substituted for methyl green. 

If the material does not stain well with the acid fuchsin, or if the methyl 
green or toluidin blue obliterates it, treat the sections with a 2.5 per cent 
aqueous solution of potassium bichromate for about half a minute and rinse 
in water just before staining in acid fuchsin. 

In spinal ganglion cells, for example, mitochondria should appear bright 
red; Nissl substance, green (or blue); neurofibrils in the axon hillock, light 
brown; and the canalicular systems should be revealed. 

Bensley'G Copper-Chrame-BematoTylin Method.— Fix materials in 
acetic-^^smic-bich^omate mixture and prejiare for staining as in the preceding 
method. Wash for 1 hour in distilled water, then thoroughly dehydrate. 
Leave in absolute alcohol for 24 hours, then pass through equal parts of 
bergamot oil and absolute alcohol (1 hour) into pure bergamot oil for 3 
hours, followed by equal parts of bergamot oil and paraG^ (1 hour), then 
by parafBii melting at 60° C. (2 to 3 hours). Cut sections 4 microns thick 
and fix to the slide by the water method. Remove parafiin with toluol and 
pass down through the alcohols to distilled water. 

Place sections for 5 minutes in a saturated aqueous solution of copper 
acetate, wash in several changes of water, and transfer for a minute to a 
0.5 per cent aqueous solution of a well-ripened hematoxylin. Wash in water 
and transfer for 1 minute to a 5 per cent aqueous solution of neutral potassium 
chromate. The sections should turn a blue-black color. If they are of only 
a light-blue shade, place them again in the copper acetate and repeat the 
operations from there on. 

Wash several minutes in water, then differentiate under the microscope 
in Weigert's borax-ferrieyaiiide misture (borax, 2 parts; ferricyanide of 
potassium, 2.5 parts; water, 200 parts) diluted with 2 volumes of water. 
Wash 6 to 8 hours in tap water, then dehydrate, clear in toluol, and mount 
in balsam. Mitochondria should appear a bluish black against a clear back- 
ground. 

Mitochondria in Living Cells stain specifically with Janus green. There 
are several Janus greens, but of these Cowdry reports that only Janus greeu 
B (dietbylsafraninazodimethylanilin chloride) of the Farbwerke Hoechst 
Co. (obtainable from L, A. Metz & Co., New York) will give the desired 



about as hard as \-ulcanized nibber. It is store! Jn 80 per cent aJcohol. 
Thin sections can be cut if the mass is sufficiently hard. 

5. Urea is being used very successfully in sucli fixing fluids as Flenuning's 
and Bouin's by Professor C E. McClung and his pupils (see Allen's method, 
p. 149). From 1 to 3 or more grams per 100 c.c. of fixer is the quantity uiwd. 
The exact proportions for any particular tissue can be determined only by 
trial. 

6. Very Gradual Changing of Fluids is recommended in tJie treatment 
of tissues to be used for cytologieal studies. This may be accomplished very 
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.^pparBtux fur Gradu&l Change o! Liquids [&rtcr Ezra AUeu) 



successfully according to the drop method described by Allen in the Anatomi- 
cal Record for July, 1916. The apparatus he designed for the purpose 13 
shown in Fig. 42. 

A 2- or 3-iiter aspirator bottle {W.B.) is filled with water and its stop- 
cock opened shghtly until the water begins to drop into the tightly corked 
pressure bottle (P.B.). As the air is compressed in this bottle bubbles will 
be^ to issue from the air tube through the hquid in the small cootaiaer 
(O in which the tissue lies. To secure a steady stream of air through C, 
the end of the air tube is drawn out into almost a capillary and the rubber 
tube connecting it with P.B. is clampetl neujly shut. The piuTiosc of the 
current of air is to insure quick and thorough mixing of Uquids in C. 

The alcohol or other replacing fluid in the supplj' bottle (S.B 
to dropping at the desired rate, the flow being regulated by a 
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^HUnp. A siphon on the side of C removes the excess of fluid into a waste 
Hir, so that the concentration of the liquid which is being ailded steadily 

^B For higher alcohols or oils the air should be dried by passing it through 

^Btube containing calcium chloride or through sulphuric acid (see figure). 

^K<R> liters of wat-er in W.B. should last all night at the rate of a drop a second, 

B 7. The Use of Anilin Oil in Place of the Higher Alcohols for completing 

■driiydration is strongly advocated by Allen {pp. cil., p. 149) because delicate 

tissues are less likely to shrink in it. Since anilin oil does not mix with 

paraffin it must be followed by some clearing oil. Allen prefers oil of berga- 

mot or sjTithetic oil of wiutergreen. 

8. Cooling Tissues by placing them on ice for 15 or 20 minutes before 
fixation may sometimes prove helpful in preventing the clumping or sticking 
together of chromosomes. With difficult material, such as that of birds 
or mammals, it is well, at least, to try this method along with others. 

9. The Mature Testes of Young Mammals oi Birds are better for studies 
in spermatogenesis than those of older animals. 

10. For Dissection of living Cells an apparatus designed by Barber 
b being used very successfully by several investigators. It is described in 
full in the Kamas UnieersUy Science BuUelin, IV (March, 1907) and in the 
Philippine Journal of Science, IX (1914). Some workers employ a double 
form of it. 

11. For the Estimation of Very Minute Quantities of Carbon Dioxide, 
Tashiro has designed several pieces of accurate and delicate apparatus 
which are deacribed in full in the American Journal of Phydology, XXXIl, 
No. 2 (1913), 107-45, and the Joumid of Biological Chemistry, XVI, No. 4 
(1914), 485-94. These various types of apparatus may be obtained from 
the Eimer & Amend Co., of New York City. 

12. Holmgren's Canals may be demonstrated in various cells by fixing 
in Bensley's formal-bichromate-sublimate mixture (Biological Bidlelin, 
XIX, No. 3 [August, 1910]). The composition of the fluid is as follows; 

Neutral formalin (freshly distilled) 10 c.c. 

Water 90 c.c. 

FotaaaiuiD bichromate 2.5 grams 

Mercuric chloride 5 grama 

I Vk the solution soon after making up. 

13. Euporal (VIII, p. 54) is of great value in the study of certam achro- ) 
'fi cellular elements. 
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reaction. He finds that mitochoodria will staiii in human lymphocytes bta 
dilution of Janus green in normal saline solution of 1 : 500,000. Ordinarily, 
for living tissue, a dilution of 1 : 15,000 or 1 : 20,000 in normal saline, in Locke's 
solution, or in Ringer's solution, is employed. Janus blue, G and R, may tko 
be used as a vital stain for mitochondria. 

While fresh tissues may be stained by immersion in the dye, much betta 
results are obtained by injection through the blood vessels, in normal asline, 
after the vessels have been thoroughly flushed out with normal saline »olih 
tion. 

Mitodiondria in Tissue Grown "in Vitro" (see p. 137) may be stuM 
readily, according to M. R. and W. H. Lewis {American Journal of Analaig, 
XVII, No. 3 (1915]), who observed their changes, growth, and diviaoB is 
embo'onie tiss^ of the chick. 

in. STAINING OF LIVING OR FRESH TISSUES 

Intra-viUim staining, so called, has come more and more into promineDR 
during the past few years. It is questionable if a staining of really "vilif' 
elements ever occurs, although undoubtedly various granules in cells nuf 
be stained while the cells are yet living. Certain stains also may be used wtb 
fair success with fresh or lightly fixed cells. 

For inira-vitam staining, neutral red, Bismarck brown, Janus green, and 
methylen blue are the dyes moat commonly employed. They are used in 
the proportion of about 1 part of the dye to 10,000 or 20,000 parts of 
some normal fluid, such as normal saline, Ringer's solution, or Locke's 
solution. 

For lightly fixing and staining fresh celb methyl green acidulated to 
about 0.75 per cent with acetic acid is in common use. Also for the study of 
fresh cells tissues are teased in a solution of Ripart and Petit (p. 211) to 
which 0, 1 per cent osmic acid has been added, and then stained in methjd 
green. Acid carmine is frequently used for the study of chromosomes io 
fre^ cells (see memorandum 2, p. 151). For the use of Sudan III with 
li\'ing animals see p. 147. Trypan blue will make certain parts of the fiving 
body take on an intense blue color, but the color seema to be due wiioUy 
to the engulfment of the colored particles by certain phagocytic cells, 
particularly in the connective tissues of the body (Evans and Schule- 
mann, Science, XXXIX |1914], 443-54). Thus, 1 c.c. of a 0.5 per 
cent solution injected' into the peritoneal cavity of a mouse will rapidly 
blue it from ears to tail without noticeably interfering with its norm^ 
actl\'ities. 

Equal parts of glycerin, 95 per cent alcohol, and distilled wat» ii 



Equal parts of glycerm, 95 per cent alcohol, and distilled wat» " ^ J 

L useful examiniag-medium in which fresh tissues may be kept for a lo^^HH 
without deterioration. ^^^H 
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IV. TESTS FOR CERTAIN CELLULAR STRUCTURES 

The following teste while not always specific are serviceable iii helping 
to identify some of the more usual cellular coDtents: 

Archoplasm stains intensely with acid fuchsin or hght green. 

Calcification may usually be detected by means of 3 to 5 per cent hydro- 
chloric acid. When treated with this solution carbonate of lime emits 
bubbles of carbon dioxide, while phosphate of lime simply dissolves. 

Cell Walls are usually well defined by acid fuchsin when used as a counter- 
slain with some of the beraatoxylina. 

CentroBomes are best shown by the iruu-hematoxylin long method 
{p. 52). Heidenhain finds tliat they are more sharply defined if the sec- 
tions, previous to mordanting in iron-alum, are stained for 24 hours in a weak 
solution of Bordeaux red. ^ 

Chromatin. — In fresh cells, methyl green stains only chromatin when it 
colors any part of the cell. Absence of coloration with this dye doea not 
necessarily mean absence of chromatin. Moderate digestion, with gastric 
juice (at about 40° C.) will remove albumins and leave chromatin. Pro- 
longed treatment with I per cent caustic potash or with funiing hydrochloric 
acid will remove all chromatin from a nucleus. A 10 per cent solution of 
sodium chloride swells chromatin and may dissolve it. 

After sublimate fixations, thin (3-micron) sections stained by the Ehrlich- 
Biondi method (41, p. 222) or Auerbach's fuchsin-methyl-greeu method 
(46, p. 224) should show "active" chromatin or chromosomes green, linin, 
and plaamosomes red. 

Chromosomes.— The best single stain in fixed material is either iron- 
hematoxylin or safranin, although chromatoid bodies and mitochondria, 
when present, may also stain by these reagents. In fresh tissue, acid carmine 
(38, p. 222) colors chromosomes, as does also methyl green (60, p. 231). 

F«L — Ab the fat of tissues is dissolved by xylol, alcohol, and other rea- 
gents used in the paraffin and celloidin methods, only teased, free-hand, or 
frozen-sectioned, fresh mat«rial, or material fixed in some non-fat solvent 
fixer such as formalin or MtlUer's tluid, can be used. 

Oamie Add (21, p. 215) ia the commonest test (or (at. It stains most but 
not all fatty bodies brown or black. Oamicated fats are rendered euScicntiy 
insoluble to permit of dehydration and mounting in balsam, if absolute alcohol 
is avoided and cedar oil is used instead of xylol for clearing. However, euparal 
(p. 64) muy be used. 

Sudan III is a specific slain for fat (see 76, p. 235). Large (at drops stain 
from a brilliant red to an orange; small ones may be yellowish red. The fat of 
animals fed with the dye will become intensely colored by it. The fat in the 
layers of yolk laid down in hens' eggs while the fowls are fed on the dye (Kiddle, 
Udence, XXVII (1908], 945) is stained red, and e^s so colored (Gage) hatch into 
chicks with the body fat colored pink. 
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Scharlack R ie superBeding Sudan 111 as a staiD for fat. It ataiiu iU orugc 
to red. If a permEinent mount is desired, frozen sections may be fixed 10 minuta 
in formalin vapor, stained for 12 hours in a saturated filtered solution of the dfc 
in 70 per cent alcohol, washed in water, counteratained in alum-hemaloxylk, 
washed and mounted in glycerin or glycerin-jelly. However, see 74, p. 235. 

Fat may be Temovtd from tissues ordinarily by treatment with alcohol, ether, 
or chloroform. 

Free Acid in tissues may be detected by Congo red, the aolutious of 
which become blue in presence of free acid. Neutral red is turned bri^l 
red by acid, yellow by alkalies. 

Lecithin may be distinguished from fat by its less solubility in ether and 
its greater capacity for stains. Formalin-fixed material if brotight into 
acetone has the fat dissolved, but not its lecithin. The latter may be slaind 
by osinic acid, hematoxylin, orange G, acid fucbsin, methyl green, or toluidin 
blue, although the tis.^ue should be dehydrated in acetone and left as little 
as po.isible in alcohol. 

Glycogen. — ^Readilv soluble in aqueous media, hence tissues should-bc 
fixed and hardened in 95 per ceut alcohol. Gage {The Microscope, p. 278) 
states that a Lugol's solution made of 1 .5 grams of iodine cryRtals, 3 grame 
of iodide of potassium I 5 grams of sodium chloride, and 300 e.c. of *-Bter 
gives a differential stain (a mahogany red) for glycogen in sections. For 
very soluble glycogen he recommends that 50 per cent alcohol be substituted 
for the water in the stain. He deparaffina with xylol, mounts in yellow vaa^ 
line, and seals with shellac or balsam. 

Hemoglobin, after proper fixation, stains a characteristic, clear, deep-red 
color with eosin. For crystals see p. 105. 

Intra-cellular Reduction Processes may be detect^ by Janua green used 
as an inlm-vilam stain (p. 146). With reduction the color changes from 
blue or green to red. 

Mitochondria (see pp. 143-146).— The most nearly specific single stain 
for mitochondria in fresh tissue is probably Jaims green (p. 145). 

Mucin in cells, after sublimate fixation, stains with basic but not with 
acid anilin dyes. Either thionin or toluidin blue stains mucin reddish, 
surrounding elements blue. Methylen blue and safranin are also good staim 
for mucin. See also muci-carmine and muci-hematin {62 and 63, p. 231). 

Nissl's Granules (tigroid substance). — ^For the methylen-blue method 
see p. 230. See also pp. 143 and 232. 

Oxidase Reaction (Schultze's).— The presence of an oxidizing ferment 
in eelis niay be disclosed by the following method: 

S'llutinn /.—Boil 1 gram of a-naphlhol in 100 c.c. of distilled water until it 
melts. Add pure potassium hydrate (about 1 c.c.) until the n^hthol il 
pletely dissolved. The solution should pass from yellow to yetlowiBh 



naphthol i*J^^H 
llowiBh tiM^^^^I 



Some Cytological Methods 149 

' Satulioii 2. — Make a 1 per cent aqueoua solution of dimethyl-p-phenylendisiiaiii 
(Merck) at room temperature. Filter. 

Use froien sections of formalin-fixed material or cover-glass preparations fixed 
in vftpor of formaldehyde. Move the preparations gently bark and forth in so- 
lution I for about 3 minutes, then do the same in solution 2. Wash in distilled 
water and mount and examine in water or in glycerin-jellj-. Oxidase granules 
are stained deep blue, 

PlasmoBomes renmin unstained in freeh material treated with acid 
methyl green (60, p. 231) which stains ehromatin. With the Ehrlich- 
Biondi stain they stain red, sometimes orange; with aafranin, gentian violet, 
and other basic dyes, in regressive Btaining (p. 24), the plasmosomes retain 
the stain more tenaciously than resting chromatin does. Because of greater 
retractility they are frequently demonstrable in unstained preparations and 
sometimes in living cells. 

Secretion Antecedents.— See Bensley, American Journal of Anatomy, 
XII, No. 3 (1911); XIX, No. 1 (1916). 

SfHiidle Fibers are frequently well stained by acid fuchsin when used as 
a counteratain after such fixers as nemming'a, Gilson's, or Bouin's fluids. 
See also "Eujiaral," p. 54. 

('. ALLEN'S METHOD [Anatomical Record, X, No. 9 [July, 1916]) 
Rx tissues iu Allen's B-lo fluid, which is made up as foUon-s: 



Pierie acid, saturated aqueous solution 75 c.c. 

Formalin (c.p.) 25 c.c. 

Glacial acetic acid 5 c.e. 



Just before using heat to 37° C. and add 1,5 grams of chromic acid 
crystals, agitating the mixture vigorously until the crystals are diBsolved. 
Then add 2 grams of urea crystals. During fixation keep the liquid heated 
to 37= or 38° C. 

Pieces of brain 0.5 c.c. in volume fix in 1 hour. Bits of young mature 
testes require a little longer and pieces of older testes 2 to 3 hours. 

Let the fluid and the contained tissue cool to room temperature and 
dehydrate gradually by the drop method (meinorajidum 6, p. 152) with 
alcohol up to 75 per cent alcohol, then finish dehydration with anilin oil. 
Regulate to about one drop per second, or less if the quantity of fixing fluid 
is small. Bring pieces of soft tissue, some 0.5 c.c. in volume, up to 75 per 
cent alcohol iu about 1 hour. Harder tissues requhe more time. 

To wash out all picric acid thoroughly, replace the ordinary 75 per cent 
alcohol on the object with 75 per cent alcohol containing a few drops of a 
saturated aqueous solution of lithium carbonate. Keep up agitation with a 
ver^' slow current of air and continue the washing until the yellow color 
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ceases to appear ia the fluid. As soon as possible after washing, to avoid 
Bhrinkflge in alcohol, start replacement by anilin oil, letting it drop in slowly. 
To insure rapid mijdng a stronger current of air may be required; when 
nearly pure anilin is reached leave the tissue in it until it is clear like amber. 

Replace the anilin with berganiot oil or synthetic oil of wintergreen, 
following the same method. Change the oil once after the tissue has arriTcd 
in pure oil. 

Warm the oil and tissue shgbtly and add to it every 10 minutes a few 
drops of melted paraffin, which must be thoroughly mixed with the oil by 
means of a pipette. When the mixture is about 85 or 90 per cent paraffin, 
transfer the object to pure paraffin with a melting-point of 52° to 55° C- 
If bergamot oil has been used, make at least four changes of paraffin. Leave 
the tissue in each about 30 minutes and in a fifth paraffin about an hour. 
Testis material requires longer time. Imbed and section in the usual way. 

VI. PHOTOGRAPffiNG CELLULAR STRDCTUHBS 

1. Select a sUde in wliich the part to be photographed is well stoned in 
iron-hematoxylin. The background should be unstained, as a sharp con- 
trast in the slide gives better results in the picture. 

2. Using an apochromatic lens and a compensating or projection ocular, 
bring the part selected for the picture into sharp focus under the microscope. 

3. Place the microscope containing the object in focus under the camera. 
Adjust the bellows to any desired length. Remember that a lower ocular 
with a longer bellows, at the same magnification, produces a better picture 
than a higher ocular with a shorter bellows. Also remember that in using 
a camera mounted in a vertical plane there is less likehhood of joirii^ 
the object out of focus when the microscope is placed under the camera than 
when it is adjusted in a horizontal plane. 

4. Focus the object under the microscope upon the groun<i-glas8 screen 
of the camera. To insure sharp focus, a focusing glass should be used. The 
picture may now be taken. 

5. Foot and Strobell (Zeilsehrifl fur wUsensckafUielit Mikrodmpie, 
XVlil 11901], 421-26) developed the following method, which obviaWa 
focusing upon the ground glass of the camera everj- time a picture is taken. 
Procure from an oculist several concave spectacle lenses (—1 to —10 diop- 
ters). When steps 1 to 4 have been completed, remove the microscope 
from under the camera without the least shift of focus. Do not Utuch Iht 
micrometer or fine adjustment screws of the microscopt. Place over the ocular 
one after another of the spectacle lenses until one is found through which tJie 
object appears in as sharp focus as it did upon the ground-glass screen. 
Note the number of the particular lens used. Thereafter, when an object 
IB to be photographed with the same ocular and objective, the same tube and 
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bellows length, one need only place the dioptric lens over the ocul&r, 
focus imtil the poiiits desired in the finished photograph stand out sharply, 
remove the dioptric lena, place the microscope under the camera without 
shift of focus, and take the picture. Since the dioptric lens corrects tiie focua 
for that bellows length, the necessity of refocusing upon the ground glass ia 
removed. \Vhenever a, different combination of ocular objective and bellows 
length is used, the proper dioptric lens must be found. 

6. It ia good practice to allow the microscope to stand for a time after 

the object has been focused through the dioptric lens in order to be sure 

that the focus does not shift. After the picture has been taken, by replacing 

the lens over the ocular one can see if the focus has been held throughout 

WtbiB time. Even with the utmost core the focus will sometimes change, 



W MEMORANDA 

1. Accessory Chromosomes (sex chromosomes, X-elemcnts) are perhaps 
best demonstrated in the testes of some species of the short-homed grass- 
hoppers taken about the time of the last moult. In these forme mitotic 
figures are Urge and chromosomes usually distinct. Among the Hemiptera, 
the squash bug (Anata tristia) for single A'-elcment, and the stink bug 
Eiiscfiiatus. for X- and K-elements, are recommended. Flemming's or 
Bouin's fluid may be used for fixing, and iron-hematoxyliii or safrauin for 
staining. 

2. For Quick Deteiminatioii of the Chromosomal CoadittoQ of cells 
aceto-carmiiie preparations (38, p. 222) are usefd. The entire testes of an 
insect is put on the shde in a drop of the stain and the cells separated by slight 
pressure on the cover, or smears from the teates of larger animals are made and 
flooded with the stain, after which a cover-slip is added. The edges of the 
cover should be sealed with vaseline to prevent evaporation. Chromosomes 
are stained in a few minutes. Such preparation should be carefully checked 
by observations on well-fixed and stained materials, however, since the great 
amount of acetic acid in the acid carmine swells chromosomes and is likely 
to lead to erroneous conclusions regarding details. 

3. Protoplasmic Currents in cells may be seen to good advantage in 
Rhizopods, in the planmodia of Myxomycetes, and in the stamens of Tradea- 
cantia. 

4. Celloidin Instead of Paraffin is being used more and more by various 
cytologists for making sections, the purpose being to avoid the bad effects 
of hot parafliu. For example, Danchakoff (Zeitschrifl fur wisaenackaftlicke 
Mikroskapie, XXV |1908]) starts with very thin celloidin, changes to some- 
what thicker, then to still thicker (about 3 per cent), and finally, having 

ed the tissues, lets the solvent evaporate very slowly throughout 4 
r 6 days to a week. The mass should become opaline, homogeneous, and 



iti the notebook instead of the bond paper. Where classes are lai 
iKtokstoreB will make up bound notebooks for 35 cents each, contais- 
ing a good grade of paper upon which drawings can be made. Where 
pencil drawings only are required, pens and ink may be omitted from 
this list. On account of the small amount of locker or drawer spare 
usually available for one student, an elaborate drawing outfit should 
be avoided. The excellence of student drawings is judged by the, 
exactness with which the preparations ai'e depicted. 



I. METHODS OF REPRESENTATION 
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Outline. — In beginning a drawing, the field which the picture 
occupy should be marked off with dots. The placir^ of two fi 
lines which cross at right angles in the middle of the drawing-^ett 
to a great help to beginners, especially in drawing bilaterally sym- 
metrica! objects. Next determine the relation of the length of the 
object to the breadth ; then calculate the size of the drawing. If the 
object is large, a reduction will be necessary; if small, it can be 
represented better 5 or 10 times its original size. The important 
points can be indicate):! in the drawing-field by dots which, when 
nected by light lines, roughly block in the object in correct proporl 
and size. This crude picture may then be worked over until 
are removed and a neat outline results. For the preliminary tnapf^ 
of the object an HB pencil is best, as the lines are easily erased, 
outline when finished must consist of a continuous line of unifoi 
thicluiess with no overlapping edges where the pencil has licen 
removed from the paper and put down again. Outline is tlic most 
important part of the drawing, for "a good outline may redeem bad 
finish, but no amount of excellence in finish can save a picture that 
has been incorrectly outlined." What details to include depends 
upon the purposes of the drawing. The principal points of 
anatomical drawing stand out more clearly when they are 
otiscured by unnecessary details. In histological drawings, d( 
are essential, but they should still he kept sutiordinate to the 
effect of the pictme. 

Deptli. — Usually the third dimension, depth, is not coi 
in drawings made from sections. When drawings of re< 
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or whole mounts are made, however, all three diinensions niUist be 
indieated in the drawing. Likewise, drawings of such things as 
digestive eana), nerve cord, heart, lungs, and kidneys stand out 
better when depth is represented. This can usually be done by 
indicating degrees of light and shade. 

Ink Drawings. — In drawings which are to be inked, the outline 
should be carefully drawn in pencil and as many corrections as 
possible made before iiik is applied. Place the ink upon the pen by 
means of the quill attached to the cork of the ink-bottle, If the 
original outline is even.the inking can be done readily ; a line uniform 
in thickness results from the applications of firm, steady pressure. 
The pen will give a ragged line if held so that one nib bears more 
heavily upon the paper than does the other, or if it becomes sticky 
with dried ink. A smoother line will be obtained if the penholder 
is held at a wide angle to the paper and only the very point of the 
pen is allowed to touch. 

Shading. —Where differentiation of parts is desired, shading may 
be used. This can be done either by stippling or by lines. In 
making the dots in a stippled drawing, the pen must be grasped 
firmly and only the point placed upon the paper. If the pen strikes 
the paper at an acute angle, three-sided instead of round dots result. 
The dots must all be of the same size. To indicate degrees of shade, 
vary the number of dots, not their size. A heavy shodii^ can be 
accomplished by placing the dots close together, whereas dots farther 
apart give the impression of l^ht shading. Lines can be used with 
good effect upon large drawings. Let the lines, placed an even 
distance apart, follow the shape of the shadows. To indicate heavy 
shadows, lines in an opposite du'ection can be placed across the first 
Get. Be careful not to cross-hatch until the first lines have dried, 
otherwise blots will occur. 

Pencil Drawings.— When correctly executed, pencil drawings 
are more artistic and permit of more subtle different iali'm in ilctail. 
Minute points can be shown by the USP"'"*'""'i"e. Ii\^U\)\>lmK\viiU 
a pencil, follow the same procedm* ' '''^i"-' i''^ 

point sliould be sharp and rouncte 
lines can be evenly placed to Off 



effective as shadows put in by blending graphite, obtained by rubbing 
the pencil over the paper. For the latter method a stub is necessary. 
This can be made from a strip of paper 1 inch wide and 5 inches long 
in the following manner: Begin to roll the paper at one end and let 
each turn overlap the preceding turn slightly, until an elongated coil 
results. The pointed end of this can be used in spreading graphite 
evenly over a surface. The graphite is placed on the part of the 
drawing where the darkest shadows occur with an HB or 2B pencil, 
and is worked over with the end of the stub until the sharp edges of the 
shadow gradually grade out into the lighter, parts. The 2B pencil 
ordinarily should not be used as the source of the graphite, as shadows 
can be darkened by repeating the application of the HB pencil. 

Shadows. — In most pictures of biological subjects, one cannot 
stand off and observe where the light falls upon the object and what 
part is in shadow. For that reason a knowledge of where the shadows 
occur if an object is illuminated from any one direction is necessary. 
To gain such knowledge from a description is impossible; it is 
therefore advisable for students wishing to shade their drawings 
to consult an artist who can give usable information in the form of 
demonstrations. A careful study of textbook illustrations will aid 
materially. Shading requires practice, and even then it may not 
be successful. In most cases where not imperative it had better be 
left out entirely. 

Fixing pencil drawings. — ^Where pencil drawings are made with 
soft pencils which are liable to rub, they must be fixed. This is done 
with a fixing solution and a special atomizer which can be bought at 
any art store. To prepare the fixative, make a saturated solution 
of white shellac in alcohol. Allow this to stand for a day or so; dilute 
one-half; then filter off the Uquid. To prevent evaporation when not 
in use, this must be kept in a tightly stoppered bottle. 

The drawing should be placed in an upright position, about 2 feel 
from the spray. In order to avoid a glossy surface spray Ughtly. 

Wash- Drawings.— After a faint outline of the section or object 
has been made with a hard pencil, fasten the paper to a board with 
thumb tacks, and with a large brush dampen the entire surface, 
removing the surplus water with the brush or a blotter. Mix the 
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! follows: With & wet brush remove some pigment from a 
cake of Winsor & Newton's Charcoal Grey or Ivory Black, and put 
in the water in the mixing-pan. Repeat this process until the wash 
is slightly darker than the desired background tint. Next put a wash 
of this over the entire background; it will dry lighter. Allow the 
paper to dry partly before darker tones are put in. Where a very 
dark portion is confined to a small area, the paper should be quite dry, 
otherwise the wash will run into the surrounding part of the drawing, 
If details are to be put in by stippling or linework, make a wash (from 
the same cake) the color and consistency of ink, This can be applied 
with a pen or brush after the paper dries. 

Some artists use a drj' paper which, however, requires more skill 
in applying the wash. The darkest tones can be applied first, gradu- 
ally working up to the lightest. After experimenting, use that which 
gives the best results for the purpose in hand. 

Where several wash-drawings are to be made with the same tones 
it will be found simpler to put in all the backgrounds first. Mix up 
plenty of wash for this purpose, as it is not easy to duplicate the exact 
shade at another mixing. Wash allowed to stand becomes darker 
upon evaporation of the water; hence, if after the backgrounds are 
put in the work must be deferred until later, the same wash will do 
for darker tints. Do not redanipen the whole surface, as that will 
lighten the backgrounil. Thedarker tones can be blended into the 
^lackground with a clean wet brush. 



' MEMORANDA 

1. Cleanliness.— Even where the cirawinga are correctly made as to size 
and proportion, the notebook will not present a good appearance if the pages 
contain finger-marks and blots to mar their whiteness. With sufficient 
diligence finger-marks can be erased, but the best way is not to make them 
in the beginning. Where laboratory work requires dissection, rough sketches 
can be made upon scrap paper and later copied into the notebook, Biota 
can be avoided if care is used in placing the ink upon the pen; a quill is 
attached to the stopper of t!ie ink-bottle for this purpose. 

2. Size and Arrangement of Drawings. — Uniformity in size and arrange- 
ment of drawings should be preser\'ed wherever possible. For example, 
in the development of the frog's egg, no increase in the size of the egg takes 



164 



Animal Mirology 



t 



I 



place from the eingle-cell stage to the end of gaatrulation, hence all drawings 
representing this seriea of development must be the same size. The neural 
tube, largest in circumference in the head, decreases gradually toward the 
posterior end of the body, and must be drawn correctly in cross-sections, 
otherwise one will have an erroneous idea of its structure. The drawings 
must not be crowded upon the page. Exact mai^piis and spaces equi- 
distant between drawings, though not artistic, give the impression of neat- 
ness desirable in scientific work. 

Labeling.— The results will not equal expectation if the labeling is 
poorly done. Too few students consider this item in making a notebook. 
The pcncil-pomt must be rubbed upon fine sandpaper until it is smooth 
and conical. The begimier should draw 3 parallel lines, 2 mm. apart, upon 
which to place the letters. The letters may be placed close together or 
farther apart, but in either case the space between the letters must be kept 
the same, Larger spaces are left between words. Letters may be straight 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 

abcdefghijklmnopqrstuvwxyz 
0123456789 

"SLiop Ukelcum" Lettars and Plsures Usod Id lAtie[- 

or slanted to suit the individual taste. If one has never done any labeling, 
time should be taken t« practice upon a piece of paper before finishing a 
Many letters like b, d, and g contain an o combined with a straight 
Une, hence it is necessary to learn to make an o properly. In making 6, d, p, 
and g, be careful that the up or down stroke is straight and joins the curve 
smoothly. The b, d, f, k, k; and I, extend above the other letters to the 
height of capitals, while g, j, p, q, and y extend just as far below the line. 
The ( falls between the stem letters and the short letters. The Gothic style 
pven in Fig, 43 is easy to learn and will answer all purposes. 



PREFERABLE MODES OF REPRESENTATION FOR 
SPECLIL COURSES 



General. — Methods of representation vary as the subject-matter 
in each instance requires different handling. The modes here 
described have been found practical in different biological coursee; 
however, each may be altered to suit individual requirements. In 
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elementary courses in general zofilogy unshaded ink-drawings are 
best. They are more accurately executed by elementary students 
because defects are so obvious that they do not pass unnoticed; 
moreover, the student exercises more care in making the drawing 
because of the greater difficulty of changing it after it is once drawn. 
Such drawings may be made more or less diagrammatic, depending 
upon the ability of the student and his previous training. SludenU 
with no former experience in representing upon paper what they see 
need not be discouraged, for dear-cut outline drawings can be made- 
by any one, if due consideration is given to the points enumerated under 
the foregoing paragraphs. 

Embryology. — -The first step in embryological drawing is a care- 
ful outline with a 4H pencil. As an aid in drawing complex sections 
— a cross-section of an old tadpole, for example — ^a cover-glass 
ruled into squares can be fastened into the ocular. The drawing- 
paper is ruled into the same number of squares as the cover-glass; 
each square as many times the size of one square of the cover-^lass 
as the intended magnification. Parts of the objert under the 
squares in the ocular can be located in corresponding squares upon the 
paper (Isaacs, Anatomical Record, IX, 711-13). In such drawings 
cells are not usually indicated. It is a decided advantage to have 
the parts colored, especially if organs from the same germ layer are 
colored alike. If three colors are chosen, one for each of the germ 
layers, ectoderm (blue), endodcrin (yellow), and mesoderm (red), 
and if these are consistently used throughout the sections, one can 
see at a glance the development of the organs. Craj'on pencils work 
up rapidly and give good results if the color is put on lightly, so 
that in the finished drawing the colors blend. To spread crayon 
evenly, use a blunt, rounded point and make long strokes with the 
side of the crayon. For example, in a cross-section of a frog embryo, 
the neural tube with its optic cups is ectodermal in origin and the blue 
color immediately indicates its relationship to the ectoderm which is 
similarly colored; the mesoblastic somites and mesenchyme are red; 
the lining of the archenteron yellow. In older embryos where mai^ i 
parts develop from the mesoderm, other colors may be used for speci&l i 
parts— as bromi for kidneys. The shade of red may likewise I 



variiid, a dark red being used for blood vessels, obtained by putting 
on a heavy layer of crayon ; while a light red may be used for mesen- 
chyme. By this method a student has constantly before him the 
layers from which various organs develop, while the instructor can 
immediately see that the student has or has not a clear conception of 
the manner in which the organism is built up. Water colors can 
be used instead of crayons, but in the hands of most students they 
are less satisfactory. Where cellular structure is put in, colored 
inks may be employed. However, drawing the individual cells in an 
embryo is too time-consuming a process for ordinary class work in 
embrj'ology. 

HiBtology. — Histological drawings are best executed in pencil. 
Details must be shown. In general, these, especially nuclear dif- 
ferences, can be put in by stippling. In intercellular matrices, such 
as connective tissue, the texture of the tissue should be represented 
by irregular lines. Light lines give the effect of fibers and fibrils very 
well. Where different tissues of an entire organ are to be distin- 
guished, the whole drawing may be covered with a light ground- 
substance of blended graphite and the details worked up with pea 
and ink. This combination is effective and has the added advantage 
of quick execution. 

Cytology.^Cytology requires even more detail than histologj'. 
Stippling or wash is used chiefly. A different arrangement of the 
dote gives the granular, alveolar, or reticular appearance of cyto- 
plasm. Solid lines should be avoided as much as possible; fibers can 
be represented by dots placed close together in a linear row. Chromo- 
somes can be stippled, made solid, or blended with graphite over 
their entire area. Where the cell cytoplasm is homogeneous, a light 
ground-coat of graphite can be placed over the entire cell and the 
cell parts stippled upon this with pen or pencil. A wash cjin be 
substituted for the graphite; but as it requires more careful applica- 
tion it is not recommended for class work. 

Crayons used judiciously in both histological and cylological 
drawings are often effective. Secretory granules, where present, can 
be put in with color if the crayons are sharpened to a fine point. 
Ground-substance of tissues can be depicted with crayon and the 
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characteristic features of the tissue added with pen or pencil. Gran- 
ules of white blood corpuscles have definite color reactions upon the 
basis of which they are classified; such granules should therefore be 
colored in & drawing. 



in. DRAWINGS FOR PUBLICATION 
To make illustrations for publication in a book or scientific 
journal, one must not only understand form, color, perspective, and 
composition, but also know something about the science of repro- 
ducing drawings in printed form, Manuscripts which contain 
drawings that can be cheaply reproduced are more readily accepted 
for pubhcation than those which require expensive plates. Before 
undertaking a series of drawings for pubhcation make a careful 
study of similar work in standard journals, particularly in the journal 
in which you expect to publish. 

Materials for Manuscript Drawiags.— In general, drawings for 
publication should be made in black and white, because this style 
can be reproduced most cheaply bj' publishers. For working with 
ink, a water-proof India ink, such as Higgins', is best. This can 
be applied with pen or brush. Gillott's penpoints are satisfactory. 
Inasmuch as each person not only handles a pen differently, but 
uses different degrees of pressure ia working, he must determine 
by ex|3erience the numlwr of the pen Ijest suited to his needs. For 
fine Uuework and stippling, the writer has found that Gillott's 
lithographic pen No. 290 gives the best results. Fine red-sable 
brushes may also be used for this work, although for line-process 
reproduction (p. 168) the pen drawing is Hkely to prove more suc- 
cessful. 

Drawings should be made upon a good quality of paper. Bristol 
board, either 2- or 4-ply, or Whatman's hot-pressed (smooth) water- 
color paper, either of which can be obtained at any store carrying a 
complete line of stationery materials, can be used. Whatman's 
paper ia of the same texture throughout; moreover, it can be used 
for ink, wash, or pencil-work. Anvil drawing-paper, No. 105, is 
excellent for large illustrations or charts. This is a cloth-backed 
paper which can be rolled without injury, A disadvantage is the 



large size and expense of a roll, which contains 10 yards of paper 
36 inches wide. It is put out by the Keuffel & Esser Co., of New 
York. Cloth-backed papers can be obtained from other firms. A 
stipple-board (Ross board), manufactured by the Charles J. Roes 
Co., consists of a chalk surface upon a paper back. The advantage 
of this paper is the rapidity with which drawings can be made. A 
stipple effect is obtained simply by rubbing the flat side of a pencil- 
point back and forth over the chalk surface. Different stipple 
effects are obtained by using different grades of the paper. For all 
general uses No. 8 is best. 

Water colors may be procured in a variety of forms and makes 
for wash-drawings. On account of the cost of reproduction, however, 
in papers which are to be published colored drawings should be 
avoided wherever possible. Wiusor & Newton's Ivory Black or 
Charcoal Grey, which comes in a cake, is best for black-and-white 
wash-drawings. Never use blue in a drawing to be photographed, 
as it does not take. Remember also that yellow and brown appear as 
black. Likewise keep in mind that the results are in no appreci^>le 
degree tiependent upon the number or kind of tools used, but upon 
the skill shown in execution. 

Camera Lucida.^As an aid in making drawings of microscopic 
objects, an instrument known as the camera lucida is often employed. 
With such an instrument the image of an object under the microscope 
can be projected upon the drawing-paper (see p. 189). 

Reduction of Drawings. — In making drawings for publication, 
it is advisable to make them larger than they will appear in the 
finished cut, as in the reduction many irregularities are lessened. 
But under no circumstances make a crude drawing with the idea 
that in the print it will appear perfect, for while reduction minimites, 
it does not obliterate defects. The original drawing should not 
ordinarily be more than twice the size of the intended cut, while tl 
reduction of one-fourth or one-third will probably give a better 
result. If one is not careful about the spacing of lines and dots used 
in the drawing, reduction tends to make them run together. 

Line-Process.— Line-process is not only the cheapest form d 
reproduction used by journals, but likewise the most accurate. 
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its reproduced in this manner contain contrast not gained by any 
other method. The drawing is photographed directly upon a zinc 
plate. Ink is then applied to this plate with an ordinary ink-roller. 
The sticky ink adheres only to the lines of the photograph. The 
inked plate is now placed in a bath of acid which eats away the 
uninked portions. The metal plate, containing the design in rehef, 
mounted upon wood, type high, is set up and printed with the type 
upon text-paper if the details are not too fine and if no colors are 
required. 

Lines.— For this type of reproduction use ink as the working 
medium and apply it with pen upon smooth white liristol board 
or water-color paper. Lines should not be extremely fine, and care 
should be taken that they are far enough apart to reproduce well. 
Likewise, cross-hatching, if employed, must be coarse enough to 
stand the reduction, otherwise it will appear as a solid black mass. 
While ink thinned to a gray gives a difference in tone in the original 
drawing, it must Ije borne in mind that this behaves erratically in 
reproduction. Gray lines often appear in the print as broken 
black lines, or they may be entirely lost. To avoid graying black 
lines the pen must be wiped frequently and filled with a fresh 
supply of ink. To get effects in tone vaiy either the thickness 
of the lines or the distance between the lines. Lines in the fore- 
ground should be farther apart and heavier than those in the 
background. 

Dots. — If drawings are stippled, the dots should be made with the 
lount of reduction in mind. Too fine stippling necessitates 
etching upon copper, a tedious process, which doubles the cost of 
production. To secure degrees of light and shade, vary the distance 
between the dots, not the size of the dots. Lithographic crayon 
used upon stipple-board (see p. 168) will reproduce by line-process if 
the drawing is coarse enough to stand a reduction to one-half its 
size. 

Graphs. — Graphs for line reproduction should be made upon 
co-ordinate paper in which the lines are blue. As blue does not 
photograph, the co-ordinates, both perpendicular and horizontal, 
■diich are to appear In the cut must be inked. 
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Arrangement of Drawings for Reductions. — Liiie-drawings where 
not used as text-figures should be arranged in the form of plates. 
Half-tones are usually so arranged, since they generally require 
a special coated paper. To arrange drawings in the form of a plate, 
one must know the exact amount they are to be reduced when 
printed. If one-lialf, for instance, they must be arranged as a plate 
twice the size of the journal page. The drawings can either be made 
directly upon bristol board in the order in which they are to be 
printed, or they may be pasted upon the board in such order. The 
latter method is usually practiced. Due allowance must be made 
for lettering and the margins of the page. 

Lettering. — All the original drawings should be so lettered that the 
letters will be of the proper size when reduced. Letters can either 
be pasted on or printed by hand (p. 164). A drawing presente & 
neater appearance if the lettering is parallel to the base line. A cut 
is more legible if, instead of abbreviations, the names printed in full 
are connected to the proper part of the drawing by leaders. Gummed 
sheets containing letters, numerals, and such words as "Plate" and 
"Fig." in several sizes can be bought for use in this work. Likewise 
publishers of some journals will print letters and words which can 
be pasted on. 

For a good chapter on laboratory drawing see A Loboratory 
Guide for Histology, by Irving Hardesty (P. Blabiston's Son & Co., 
Philadelphia). 
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APPENDIX A 

THE MICROSCOPE AND ITS OPTICAL PRINCIPLES 

For an understanding of the optical principles involveil in ii 
copy, four things must be bome in mind with regard to a ray of 
ordinary daylight: 

1. It has an appreciable breadth. 

2. It travels in a straight line in s homogeneous medium. 

3. It is bent (refracted) in passing obliquely from one medium 
into another of different density. 

4. It is in reality a composite of a 
number of different colored rays, ranging 
from violet to red, and each of these has a 
different refrangibility. 

The amount of refraction undergone by 
light in a given case depends upon the 
difference in density of the two media which 
the light traverses. Thus, glass is denser 
than air; hence, in passing from air 
obliquely through a glass plate (Fig. 44), a ray of light AB would 
be bent out of its original course. On reaching the air again, how- 
ever, it would resume its original direction, although it would be 
displaced to an amount equal to the distance between .4 and A'. 
It is on account of such displacement 
that an object in water, for example, 
appears to be at a different point from 
where it really is. 

On the other hand, after traversing 

a prism, a ray docs not resume its 

former direction, but takes a new 

course upon leaving as well as upon entering the prism (Fig. 46). 

This new direction is always toward the base of the prism, and the 

amount of deviation depends upon the shape and density of Uie J 






prism. If the base is down, then the ray is bent downward; if the 

apex is down, the ray still deviates toward the base, that is, it is 

bent upward. 

Lenses.— Each of the two principal forms of lenses is in effect 

practically two prisms, (1) with the bases placed together (Fig. 4fi, a, 
convex fens), or (2) with the apexes together 
(Fig, 46, b, concave lens). 

In the convex lens, since rays of light are 
refracted toward the bases of the respective 
prisms, they will converge; in the concave 
lens, for the same reason, they will diverge. 
The terms converging lens and diverging fen«, 
therefore, are used frequently as s>^lonJ^llo^^ 
""*"' (^jth thg terms "convex lens" and "concave 

lens." All lenses arc modifications or combinations of these two 

types. 

If parallel rays of light pass through a convex lens (Fig 47) they 

are so refracted as to meet in one point F, which is termed, in conse- 
quence, the focal point or principal focus. If, on the other hand, the 

source of light be placed at 

the focal point, then, after 

traversing the lens, the rays 

of light will emei^e parallel. 

If parallel rays of hght came 

from the opposite side of the 

lens, manifestly there would 

be a second focal point at F'. 

The two principal foci are 

termed conjugate foci, and will 

be equidistant from the center 

of the lens when both sides of the lens have equal curvature. 
The ray which passes through the center of the lens (Fig. 47, e) 

and the focal point traverses what is termed the pnTicipal axit of 

the lens. The optical center of the lens is a point on the principal 

axis through which rays pass without angular deviation. It nuff 

be within or outside the lens, depending upon the form of the latter. 
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Vny line (ed), other than the principal axis, which passes through 
he optical center of the lens is termed a secondary axis. 

In the case of a concave lena, parallel rays will be caused to 
liverge (Fig. 48) and the principal focus, F, of the lens is determined 
)y the extension of the divergent rays till they meet at a point which 
ies on the same side of the 
ens as the source of light. 
5ueh a potot has no actual 
ixistence, and is known, 
consequently, as a virtual 
ocus. The focus of a con- 
vex lens, on the other hand, 
B real, and may be deter- 
oined readily by allowing 
he sun's rays, which are 
>ractically parallel, to pass 
hrough it on to a screen. 
Jy moving the lens backward and forward, the spot of projected 
ight varies in size and brightness. When smallest and brightest 
he spot is at the focal point of the lens. 

Images. — In Fig, 49 the object, represented by an arrow, lies 
)eyond the principal focus of a convex lens as in a photographic 
:amera, for example, or the objective of a compound microscope. 
Light rays pass out in all 
directions from any lumi- 
nous point. Hence, one 
ray from any point on 
the arrow, the tip, for 
instance, will pass through 
the focal point, F, and 
me will pass through the optical center of the lens. From what 
i-as determined above, manifestly the ray through F will emerge as 
ine of the parallel rays upon leaving the lens, and the one through 
he optical center of the lens, since it traverses a secondary axis, 
dll not be refracted, hence the two rays must cross. Their point 
f intersection is the point at which the image of the arrow-tip will 
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termed a negative eyepiece or ocular and is widely used today for 
microscopical work. The commonest form, the Huygenian, \s so 
adaptation of an ocular designed originally by Huygeiis for the 
telescope. By contracting the area of the real image, the field- 
lens of a negative ocular not only brightens the imf^;e but aUo 
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increases the size of the field that can be examined. It is uauftOf 
also designed, in conjunction with the eye-lens, to help render ti* 
image achromatic. 

Positive eyepieces are also made. An inverted iin^e of the 
object is formed below the system of ocular lenses. Such an ocukr 
operates as a simple 
microscope. 

A good objective it 
made up of from two to 
five systems of leim 
as shown in Fig. 52. A 
p,o ^ singlcsystem in turn mv 

be a dmbkt (Fig. 57) or 
a triplet, each made of different kinds and shapes of glaas. A 
good objective is a very delicate piece of apparatus and muet b« 
handled with great care. Each component ia very accurately groond 
and the systems distanced with extreme precision in order to g<t 
a clear image. If not already familiar with the parts of the oWt- 
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ausea the image of an object viewed through such a lens to be 
ordered by a colored halo. 

The defect is corrected by properly combining glasses of different 
ispersive powers but of kindreii refractive powers. Flint glass 
jihcate of potassium and lead), for example, has a dispersive power 
qual to about twice that of crown glass {sihcate of potassium and 
me), although their refractive powers are nearly the same, 
ly combining a biconvex lens of crown glass with a con- 
ave lens of flint glass so constructed that its dispersive 
ower will just equal that of the crown glass (Fig. 57), the 
rror may in large measure be corrected. Such an arrauge- 
lent does not interfere seriously with the refractive powers 
f the lens so constructed. Unfortunately no two kinds of glass 
ave been found which have proportional dispersive powers for all 
olors, BO that in the ordinary achromatic objective only two of the 
afferent colors of the spectrum have been accurately corrected and 
irought to one focus. The colors left outstanding form the defect 
;nown as a secondary spectrum. In the apochromatic objectives 
p. 188) three rays are broi^ht to one focus, leaving only a shght 
irtiary spectrum. 



■ NOHEKCLATUSE OR RATING OF OBJECTIVES 

I AND OCULARS 

Oculars.— Different makers, unfortunately, use different systems 
a marking their lenses to indicate relative powers of magnification. 
n the case of lettering the Hj'stem is wholly arbitrarj-; the only rule 
j that the nearer to A the letter is the lower the magnification. 
VTien the objective bears a figure it is usually indicative of the m^ni- 
ying power of the part marked. Thus a iV'iich objective magnifies 
.pproximately 120 diameters; a f-inch, 80 diameters; a J-inch, 20 
[iameters; a 1-inch, 10 diameters; a 2-inch, 5 diameters; and so on. 
rhifi means tliat an objective which forms an im^e 10 times the real 
liameter of the object itself, on a screen placed 10 inches (the con- 
''entional distance of vision) from its back lens, is rated as a 1-incb 
ibjective. If it formed an image only 5 times the real diameter of the 
ibject it would be a 2-tnch objective: if 30 times, a J-inch objective, 




Fio. G8. — DlaKram 3hD«>lng Patb of Light Knys Uirougb the Compound MkTO 
•eopf ToBBtber <nltu Images (tram Baiuch and Lamb rat&l0BUi>}, 

^t. upper local plane of ubjt^cUve: ^i. lower focal plane of eyepiece; A, opUnl '"*' 
length •'(UsMna! Ixiween Fi and Fx: Oi. oblect; (k. n»t Imago in >S. tnuu|>a«d 1^ 
eolfecllve lena. to <h. real Image In eyoplece diaphrum; Oi. vlnual Imagn torme 
"' proiecUon distance C, 250 mm. from Ep. eyopolnt: CD. coDdenKr diaphn 
— *"mletl tube lenKlh <1(10 mm.): 1. 3. 3, three pencUn uf parftUel ttght coming troll 
polnu of a tUstant UlmDlnant, tor Instance, a white cloud, which lUuir'—"' 
■- — - — 'nta of the obiect. 
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md so on. Such iiiagiiification is termed the initial magnifying 
jower of the objective. 

The objectives of most manufacturers are now rated in milli- 
neters and the conventional distance of vision taken as 250 nun. 
\n objective of 3 mm. focus, therefore, yields an initial magnification 
)f 83 . 3 diameters (^ X 250 = 83 . 3) . Compensating oculars (see 
>eIow) bear numbers which indicate the number of tunes the eyepiece, 
vhen used at a given tube-length, increases the initial magnification. 
)cular 12, for example, with a 3-min. objective would yield a magni- 
ication of 83.3X12=1,000 diameters, with a standard length of 
,ube. Unfortunately this simple system does not apply to most 
>rdinary oculars, which are more or less arbitrarily lettered or 
lumbered. 



SOME COMMON MICROSCOPICAL TERMS AND APPLIANCES 
H (Alphabetically Airanged) 

^ Achromatic Objective.— .\n objective corrected for chromatic aberra- 
ion (p, 182). The correction is not absolute. 

Achromatism. ^Freedom from chromatic aberration. 

Angular Aperture. — The angle (measured in degrees) formed at the 
»int of focus {F. Fig. 62) by the outermost rays [aF, bF) which traverse 
he objective to form tm image. This angle is an important consideration 
)ecau8e on it depends in large measure the defining or resolving power of 
he objective. It is evident that the lai^r the angle is tbe greater the num- 
>er of rays of light that will be admitted from an object. Thus the object 
rill be better defined to the eye. In low powers the angle may be very wide, 
n high powers it must necessarily be small. Two objectives, even though 
hey may possess different powers of magnification, will have the same bril- 
iancy if thej- are of the same angular aperture; on the other hand, if they 
ia\'e the same magnifying power, but differ in angular aperture, the bril' 
iancy is reduced in the one of smaller angle. In immersion lenses the liquid 
ised between the lens and the object, by reducing refraction, has the effect 
if increasing the angle of aperture. See "Immersion Objective," also 
'Numerical Aperture" (pp. 195, 199), 

Apertometer.^An instrument for measuring both the angular and the 
lumerical aperture of objectives. It is fitted to tlie stage of the microscon* 

AplanntJBm. — Freedom from spherical aberration (p. 181), The re 
3 a flat field as viewed through the microscope. Aplanalic lenses are US' 
ilao achromatic. 



k 



3 



ApochromatiG Objective. — An improved form of objective which is more 
exactly achromatic than the ordinarj- objective because it is corrected for 
lays of three colors instead of two, and thiB correction is equally good in 
all parts of the field. Iii the ordinary achroinatic objective after correc- 
tion there is a residue of color which is knonTi as the secondary apectrum. 
In the apochromatic lenses correction is made for a third color, and usually 
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only a slight tertiary spectrum is left uncorrected. Spherical aberratios 
ia also more fully corrected. Furthermore, in these objectives the fod 
of the optical and the chemical rays are identical, lience the lenses are irell 
adapted to photography. In the glasses of the upochromatics, silicon ii 
replaced by boron in the flint aeries and by phosphorus in the crown sentt. 
Fluorite was used in conjunction with the glasses in the earlier forms d 
apochromatic lenses with the result that the lenses frequently detenorattd 
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k warm, moist climates. Several makers are now able to construct apochro- 
~~matic objectives without the use of flnorite. Both dry and immersion 
apochromatics are made. 

Binocular Microscope.^A microscope adapted to vision with both eyes 
at once. One of the most important advances in microscopy during the 
past ten years has been the development of binocular microscopes with 
erecting prisms which enable one t-o carry on dissections, to study thick 
injected preparations, and to perform other manipulations under higher 
power and otherwise more advantageously than formerly. In general, they 
conast (Fig. 61) of two optically distinct tubes so combined that the objec- 
tives focus on the same point from different angles. A magnified, stere- 
oscopic vision is thereby provided, so that object.s which have depth stand 
out in pronounced reUef. The upper parts of the tubes may be rotated bo 
as to adjust the eye-points of the oculars to the width between the pupils 
of the observer's eyes. If, upon closing one eye and then the other, an 
image is not seen by each eye without moving the head, the eye-points are 
too close together or too far apart. The oculars should be 
separated or approximated accordingly. When they are 
correctly adjusted one should get a distinct, stereoscopic 
appearance. Other adjustments are provided to compensaf* 
for differences of focus in the right and the left eye. 

A verj' simple form of binocular magnifier, known as 
the Hardy Binocular Loop, may be obtained from F. A. ** 

Hardy & Co., of Chicago, IlUnois. It is worn like a pair of Fio. ea 

spectacles. A more elaborate binocular magnifier, to be worn 
with an elastic headbatid, may be secured from the Baiiscli k. Lomb 
Optical Co,, of Rochester, New York, 

Binocular Compound Microscopes with but a single objective are also 
oblainabie. By means Of a prism which extends partly across the field 
about half of the light is directed into the left eye, the rest passing unob- 
structed to the right. While permitting of higher magnification, this type 
of binocular is not as universally serviceable as the other form described. 
The image is not erected. 

Brownian Movement or Pedesis. — An oscillating or dancing motion 
observable in small iiarticles in a liquid when seen under the microscope. 

Calibration of Microscope,— See "Micrometer" (p. 197). 

Camera Lucida. — An apparatus containing a glass prism or thin glass 
plate so arranged tiiat when it is placed over the eyepiece of the microscope, 
the obseri'cr may see the image of the object under the microscope projected 
on to his drawing-paper on the table. The point of the pencil is also \-iBible; 
consequently the outline of the object may be readily traced on the paper, 
in the simpler camera lucidas a thin neutral-tint gloss slip is so arranged 
that it is in aUgnnient with the eye-lens of the ocular, except that it sets at 
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an angle of 45 degrees to it. When the microscope is tUt«d into a horizonUl 
position the observer sees the image of the object reflected from the upper 
side of the glass slip, but, since the latter is somewhat transparent, he tdw 
sees the white paper spread below on the table (Tig. 63), 

Another form of simple camera lucida is the Wollaston. To ua; it th« 
microscope must be inclined. The essential part of the camera consists 
of a quadrangular prism. The eye of the observer is so 
placed over the edge of the prism as to receive rays of 
Ught from the object with one portion of the pupil, and 
from the drawing-paper with the reminder. 

Some form of the Abbe camera lucida, however, « 
used by most workers. It consists of a cap which is filted 
CBDierirLudda" immediately above the eyepiece and which contains two 
right-angle prisma cemented together to form a cube 
(Fig. 64). The tower one of the prisms is silvered along its cemented surface, 
although a small central opening is left through which the object under the 
microscope may be viewed; connected with the cap is an arm which bean 
a mirror, and this mirror may be so adjusted as to reflect the image a 
drawing-paper on the table on to the prisms from one ade. The | 




Fio. 64. — Abbe Oamerk Lochia 

are SO set that the silvered surface of the lower one reflects this image upward 
to the eye of the observer which also, coincidentally, is viewing the magnified 
image of the object through the hole in the silvering. When proper adjust- 
ment of the hgbt received from object and paper respectively is made, a 
pencil-point may be distinctly seen when brought into the field of vision ovtf 
the paper; consequently the outline of the object may be accurately tractd. 
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rhe secret of success in working with & camera lucida is to ha\-e the iUuiuiit&- 
ion in the tvD fidds properly balanced. Small screens of tinted glass are 
>rovided with the instniment for such regulation. With the Abbe camera 
ucida the nucTDSoope may be used in a vertical or in an incUned portion. 
i the micrascope stand is incUned, the drawing-board upon which the paper 
■ests must have the same inclination, or the outline when drawn will be dis- 
orted. Likewise, if the mirror of the camera is at any other angle Ihan 
lo degrees, an adjustment of the drawing-suiface must be made; in short, 
Jie axial ray of the image and the drawing-surface mmt oiunyg be at right 
mgUs to prevent distortion. This means that if the mirror is depressed 
telow 45 d^rees the drawing-surface must be tilted toward the microscope 
wice as mxich as the mirror is depressed. For example, if the mirror is 
lepressed to 37 degrees (8 below 45 degrees), the drawing-board must be 
lilted (raised) 16 degrees, See also remarks under "Micrometer" (p. 197). 
IVhen the camera is in proper position the field of the microscope should 
ippear at about the same size as without the camera. If the field is reduced 
)r unevenly lighted, the camera is too near or too far from the ocular, or it 
& tilted, or the prism is not properly centered. 

Compensatiiig Ocular.— A specially designed eyepiece for use with 
ipoehromatic tenses. It was found advantageous to undercorrect the 
>bjective and then to rectify the aberration by overcorrecllng the ocular. 
rhe so-caUed tearching oc\dar is a low-power compensating ocular used for 
the first finding of objects. The object once located in the field, the higher 
iDorking oculars are used in observation. 

Condenser. — A lens or a series of lenses mounted in a substage attnch- 
(nent for the purpose of concentrating light upon the object to be exommed. 
rhey are made in various grades of excellence, non-achromatic, achromatic, 
uul apochromatlc. Some wide-angle condensers are used as immersion 
condensers; the immersion fluid is placed between the upper surface of the 
condenser and the lower surface of the object^-alide. Condensers are espe- 
cially ^-aluable with high-power objectives and oil-immersion lenses. For 
Ihe best results the condenser must be accurately centered and the object 
must he at the apex of the cone of hght formed by it. UnintelUgeiit use of 
the condenser is a veo' common fault. Condensers are coj>structed to 
receive parallel rays of light, hence the plane mirror only should be used with 
them if the illumination is from daylight. See "Illumination" (p. 104). 

Correction Collar.— A <le\'ice for adjusting the distance between the 
lens sj'stems of objectives so that the proper corrections may be made for 
different thicknesses of cover-glass. Low-power objectives are not so 
sensitive as those of high power to the influence of the cover-glass. Ordinary 
abjectivea, however, are mounted in a rigid setting and corrected for a speolfio 
tube-length and a standard cover-glass (about 0. 18 mm. thick; i.e., a No. 2). 
With a co\'er-gla8s of different thickness correction should be made by 



altering the tube-length of the microscope, lengthening it for a thinner cover 
and shortejiing it for a thicker one. With a 4 mm. {t in.) or ft 3 mm. (i m.l 
dry objective a deviation of as little ae 0.05 mm. in the thickness of the cttva- 
glass, if uncorrected, is sufficient to obliterate fine detaik of the object. With 
homogeneous immersion lenses the defect caused by different thicknesses 
of cover-glass disappears (see "Immersion Objective," p. 195). See also 
"Tube-Length" (p. 201). 

Cover-Glass CorrectiOD, Cover-Glass Thickness. — See "Correction 
Collar" (p. mi). 

Daylite Glass. — A specialty constructed glass which, when used as a 

screen with a nitrogen-filled tungsten lamp, yields a Ught almost exaetly 

like daj'light. It gives very nearly true color values. The light is sofl 

like that from a white cloud, and is more comfortable to work with in micro*- 

^^^^ copy than any other form of artifiriil 

^^^^^^^M illumination. See Gage, Seiena, 

^^^^^H XLII (October, 1915). 534, for a 

^^^^^^^^H fuller description. 

^^^^^^^^1 Dark-Ground Dluinination. — See 

^^^^^^^^H tf "Ultramicroscopy" (p. 201). 

^^^^^^^^I^^^L Demonstration Microscope.-Hl 

^^^^^^^^^^^H^ microscope designed to be paand 

^^^^^^^^^Pm^^^ around a class with epecimoi in 

^^^^^^^^^^ Njg^ place. Most of the compound typM 

arc in the form of adjustable tubes 

for LWKhTiir^^^"* iii«:tric Lamp which, when in use, are pointed 

toward a window or a lamp. 

Demonstration or Pointer Ocular.— An ocular provided, at the pmnt 

where the real image of the object is produced, with a delicate rod of some 

kind which may be rotated to point out objects in the field. A dmi^ tJT* 

may be made by cementing a hair across the opening of the ocular diaphragm 

with balsam. When the balsam is hard the hair is cut at the center of Ike 

opening and one end is removed. It is necessaiy to have both ends of tlw 

hair supported until the balsam hardens, otherwise the free ends will tag 

and not bo in focus. To use, rotate the ocular, 

A double demonstration eyepiece, by means of which the image formed 
by the objective can be viewed simultaneously by two observers, has also 
been devised. 

Diaphragm. — Opaque plates with openings of various sizes for r^ulatiiig 
the illumination of the object to be examined. The iris diaphragm (Hg. W 
is the best type. It consists of a series of overlapping plates placed unui^ 
a central opening the size of which may be varied by means of a Icvit. 
Revoh-ing diaphragms are commonly used on the cheap grades of midO- 
scopes. They consist of round disks perforated by openings of various kms 
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which may be rotated between the mirror and the object. The nearer to the 
object the diaphragm ia placed the better the intensity of the illiimination 
can be regulated. Most of the better class of microscopes are provided with 
two iris diaphragms, one beneath the condenser to be employed when the 
Jatter is in use, tlie other flush with the stage to be used only when the con- 
denser is out. If this second iris diaphragm is lacking, its place is taken by 
means of a cap^iaphragm which may be fitted into the substage in the place 
of the condenser. A central-stop diaphragm ia one with an opaque center 
and a slit around the edge, so arranged that a hallow cone of light, consisting 
of rays of great obUquity, will be produced. 




Fio. an. — Top view of i SubstBgB 
Di&phragm Tin 



Dissecting Microscope. — An instrument so constructed as to enable an 
operator to carry on minute dissections under magnification. Ordinarily 
they are simple microscopes mounted on a stand of some kind. The beat 
inatrumenta (Fig. 67) are provided with well-corrected leowes, with glass 
stage, mirror, black-and-white substage plate, and rests for the hands. 
See also Figs, 68 and 69 for modified forms. The binocular type. Fig. 61, is 
indispensable for the finer modem technique. See "Binocular Microscope." 

Einbiyograph. — A form of camera lucida for drawing at shght magni- 
fication small objects, such as embryos. A camera lucida attached to a 
simple microscope is frequently used for this purpose. 

Eye-Point. — The point above an ocular or lens at which the largest 
nmnber of rays from the instrument enter the eye. The largest field of 
the microscope is visible from this point. 

FlatneGS of Field. — See '"Aplanatism" (p. 187). 

Homogeneous Immersion Objective. — Sec "Immersion Objective" 
(p. 195). 
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used medium. Inasmuch as the optical properties of cedar o^ 
and disperfflon) are almost the same aa crown glass, it is oft( 
homogene<ms immersion fltiid. A homogeneous immersion leu^ 
would be one intended for use with auch a fluid. The advaj 
immersion over a drj' lens lies in the fact that, other things being 
leaving the cover-glass rays which would be so refract«d in a r^ 




a simple tens 



like air as to miss the front lens of the objective reach thia lens 
immersions and traverse the objective. With homogeneouB in 
rays of light are carried without deflection through cover^ 
and into the glass of the front lens. Water has a greater dra 
and less than glass; hence, with a water tnanersiott more r^a 
the front lens than with a dry lens, and less than with 
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rion lens (Fig. 70). Tlie effect of au immer- 
sion is practically to widen the angle of the 
lens (see "Angular Aperture," p. 187). The 
value of the immersion objective is enhanced 
if the immeraiou fluid is placed Ijetween the 
upper lens of the condenser and the slide 
as well as between the objective and the 

Magnifying Power, — The power of a lens 
to multiply the apiiarent dimensions of an 
object viewed through it. It should be 
expressed in dianiflers. not in areas. While 
magnifying power is very importa.nt, it is 
oiJy so in conneetion with resolving power. 
If high power were the only essential, a series 
of single lenses might be used. The impossi- 
bility of using such a series for high magnifi- 
cation is due to the fact that proper correction 
of aberrations cannot be made, and, conse- 
quently, a distinct image cannot be obtained. 
For determination of magnification see 
"Micrometer" fp. 107). 

Mechanical Stage. — A stage attachment (Fig. 71) for the more accurate 
manipulation of an object or a series of objects which must be moved about 
under the objective. The best 
mechanical stages are provided 
with scales and \'erniers so that 
an object once recorded may be 
easily found again. They are 
often very serviceable, especially 
with high powers. 

Micrometer. — A scale for 
measuring objects under the 
microscope. The stage microtneter 
consists of a finely divided scale 
(V« and ih>! mm.) ruled on glass 
or metal. It is commonly 
mounted on a glass slide of 
standard size. To determine the 
actual size of an object with the 
.stage micrometer, it is most con- 
venient to use a camera lucida. 
The outline of the object to bo 
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measured is projected on to a sheet of drawing-paper and marked off. 
The object is then replaced under the microscope by the micrometer and (he 
micronieter scale is projected on to the paper. Knowing the actual distance 
between the Unes on the micrometer scale, the magnification as well as the 
real size of the object is readily calculated. 

The size of the image projected by a camera lucida ou to a piece of 
drawing-paper at the level of the table, however, does not represent the true 
magnifying power of the microscope. The latter is really considerably 
smaller if the microscope is in a vertical position because the magnification 
of a lens or a system of lenses is calculated in terms of the conventions] 
distance of vision (250 mm., see p. 183) while the distance from the ocular 
to the table is considerably more than 250 mm. Since the rays of light 
diverge after leaving the ocular, manifestly the projected image will be larger 
(possibly by as much as 60 per cent) at the level of the table than at a levti 
juflt 250 nam. from the point of emergence of the raj's from the ocular. To 
determine the actual magnification of the microscope, therefore, one would 
have to bring the drawing-surface to within 250 mm. of this point of emer- 
gence, sketch the projected scale of the stage micrometer on the paper, and 
then, by means of an ordinary metric rule, compute the number of times the 
divisions of the micrometer scale have been magnified. The standanl 
diatance of 250 mm., if the Abbe camera lucida is used (with camera minor 
at 45 degrees), includes the distance along the mirror-bar from the pplieil 
axis of the ocular to the mirror, plus the distance from the numJr to tlw 
drawing-surface. 

In practical work it is not necessaiy to make drawings or measure- 
ments exactly at this standard distance; one needs only to have a scale 
made out for the distance from the camera lucida at which the drawings an 
actually to be made, although it must be carefully borne in mind that any 
variation in the elevation of the drawing-surface will alter the size of the 
projected image. A series of carefully prepared scales for various combina- 
tions of objectives and oculars should be made and kept for future use. 
On each should be recorded the tube-length used, the number of the objec- 
tive and of the ocular, the length of the camera mirror-bar, and the aoj^ 
of the mirror, for if any one of these is changed the scale is no loi^ 
accurate. 

When much measuring is to be done an ocular micromet^" is used. B 
consists of a circular glass disk with a scale nded on it and is inserted in tin 
ocular between the eye-lens and the field-lens. By means of a stage nucrcob- 
eter the value of the divisions of the ocular micrometer is determined for t 
known tube-length and every combination of lenses it is desired to use IQ 
the work of measurement. Suppose that it takes four divisions of the ocuiir 
micrometer to correspond to one of the finer divisions of the stage micromclff, 
then since the divisions of the latl«r are equal to t6o mm., each space iol^ 
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ocular inicronietCT must be equal to ijn mm., that is, 0.0025 mm. A filar 
or screw micrometer is a more convenient form of ocular micrometer, which ia 
provided with delicate movable spider lines tliat can be adjusted to the space 
to be measured by means of a fine screw with very accurately cut threads 
(Fig. 72). At the end of the screw is a graduated disk which givee the value 
of the distance between the spider linea. The pitch of the screw is either 
('a inch or . 5 mm, When once the valuation of this ocular micrometer has 
been determined by means of a stage micrometer, measurements can be 
made rapidly and with great precision. 

The step micronteler, in which the inter\'al3 are arranged in groups of 
ten, each group being conspicuously marked by a black, stairlike notching 
along one side, is one of the most desirable types of ocular micrometers. 

Micron,— The one-thousandth part of a milUmeter; expressed briefly 
by the Greek letter /i. 
It is the unit of meas- 
urement in microscopy. 

Minor. — The com- 
pound microscope is 
usually provided with 
both concave and plane 
mirrors, which may \n- 
rotated or swung in any 
direction. The plane 
mirror is used with the 
condenser; the concave, 
whenever it is of advan- 
tage to have Ught con- 
centrated upon the 
object, with the con- 
denser out. The mirror should be capable of being moved up or down the 
mirror-bar so that it can be accurately focused upon the object. See also 
"Illumination" fp. 194). 

Huscae Volitantes. — Small filaments or specks which float across the 
field of vision. Thej' are really small opacities in the vitreous humor of 
the eye. 

Numerical Aperture. — A system which expresses the efficiency of an 
objective by indicating the relative proportion of light raj-s which traverse 
it to form an image. With the introduction of immersion objectives, it 
became evident that angular aperture alone is not sufficient to indicate the 
real capacity of an objective. For instance, an immersion and a dry lena 
may be of precisely the same angular aperture, and yet the immersion lena 
is more efl5cient because it sends more rays of Lght through the objective 
(see "Immersion Lens," p. 195). It was found necessary to take cognizance 
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of the medium which intervenes between tlie cover-glass and the fr 
of the objective, 

Professor Abbe, in 1873, proposed the name numerical aperture and 
introduced tlie formula N.A.=n sin w, in which n signifies the refractive 
index of the medium between cover-glass and objective, and i* equals half 
the angle of aperture. That is, by multiplying the refractive index of the 
medium by the sine of half the angle of aperture the numerical aperture b 
obtained. For ex&rnple, suppose that one had an oil-immersion lens of 
90 degrees angular aperture, then half the angle of aperture is 45 degrees, 
and by turning to a table of natural sines, the sine of 45 degrees is found 
to be . 707. Tlie refractive index of cedar oil is 1 , 52. Then X A.= 1 .52X 
0.707=1.075. Suppose that the lens were a dry instead of an immersioii 
lens; then since the refractive index of air is 1, the formula would read 
N.A.= 1X0.707=0.707. Thus the two products 1.075 and 0.707. respec- 
tively, represent the relative capacities of an oil immersion and a dr>- objec- 
tive of 90 degrees angular aperture. 

Parfocal. — A term ordinarily applied to eyepieces of different jwwers 
that may be exchanged in the microscope without i-ery materially affecting 
the focus of the instrument. The term is also applied to objectives attached 
to a revoU-ing nosepiece if each is approximately in focus when turned into 
place. 

Pedesis. — Same as Broutiian movement. 

Penetration.— The quality of an objective that pennit? of "looking 
into" an object having sensible thickness. It is greatest with low poweis 
and narrow angles and is antagonistic to resolving power. It is the natural 
consequence of certain conditions in the making of lenses and is reckoned 
of secondary. importance, because practically the same results are obtained 
by manipulating the fine adjustment. 

Photomicrography, — Photography of small or microscopic objects. 
The subject, although of great importance, is too extensive to enter into in 
the brief space that could be allotted to it in an elementary treatise such u 
this. (See, however, p. 150.) An excellent chapter on photomicrography 
and a bibliography will be found in Gage's The ytierowope. 

Pointer Ocular. — See "Demonstration Ocular" (p. 192), 

PoIariBcope.— As used in microscopy the polariscope consists of two 
parts, each comjiosed of a Nicol prism of Iceland spar; one, the polariier, 
fits into the substage, and the other, the analywr, is inserted between the 
objective and the tube of the microscope or, in some forms, just above Um 
ocular. The polariscope is used more in chemical and in geological than id 
histological work. Some of the uses are as follows: detennining whether 
an object is singly or doubly refractive; detecting the presence of minute 
crystals; determining the composition of rocks; examining sections of hone, 
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hoof and horn, hairs and fibers of animaU and plants, starch, etc., for certain 
characteristic and striking effects. 

Projection Ocular. — An ocular specially designed for jirojecting a micro- 
scopic object on to ft screen or for use in mierophotography. While ordi- 
narily used with apochromatic objectives, they may be used with ordinary 
objectives of large numerical aperture. The eye-!ens is movable so that a 
sharp focus (indicated by & distinct image of the diaphragm) may be obtained 
at different screen distances. 

Re&olving Power. — The quality of an objective which enables the 
ol)ser\'er to make out fine details of structure. It is the most essential 
property for precision in observation, and determines largely the excellence 
of an objective. Resolving power depends upon careful correction of 
aberrations, general accuracy in the meclianical construction of the micro- 
scope, and upon the aperture of the objective (see "Angular Aperture," 
"Xumerical .\perture," pp. 187, 199). Resolving power is tested by the 
resolution of fine parallel lines ruled on glass or the striae on the surface of 
diatoms. The test is to determine how many lines to the inch or centimeter 
may be distinguished, and whether the objective simply glimpses the mark- 
ings or whether it resolves them clearly. The wider the angle of aperture 
the better the resolving power, provided the width is not so great as to inter- 
fere with the correction of the lenses. The increased resolution of immer- 
sion lenses is due t« the fact that the immersion fluid practically widens 
the angle of aperture (see "Immersion Objective," p. 195). 

Tube-Length.— The distance between the places of insertion of ocular 
and objective into the tube of the microscope. Tliere are two standard 
tube-lengths; the short standard is 160 nun. (6i'd inches), the long standard, 
216 nun. (8A inches). Some nuikers, however, do not adhere to the stand- 
ards. The optical efficiency of the instrument is the same in either caae. 
The short length is more advantageous in that it is more compact. The 
lenecs must lie correcteti for the length of tube with which they are to be 
used. The shttrt standard is in use in most American laboratories. 

[ntramicroscopy.,^-A system of microscopical inspection in which objects 
are examined by reflected light. The object appears to be self-luminous 
against a dark field, hence tlie term dark-grownd iUumiiiation is often used as 
descriptive of the method. Objects to be studied in this way are usually 
semi-transparent or consist of fine particles such as occur in coUoidal suspen- 
sions. In lighting, rays of great obliquity are used so that only such traverse 
the objective as are deflectal from some object in the field. The great value 
of the method lies in the fact that particles may be rendered visible which are 
wholly invisible with the microscope as ordinarily used. 

KFor (on' poteers iiithout a condenser, the diaphragm must be wide open 
the mirror so tilted that the object is lighted by ojilique rays which 



canDot get directly into the front lens of the objective. With a 
a eerUral^lop diaphragm is used which admits only nmi^nal rays. By 
making an ordinaiy diaphragm eccentric, somewhat the same effect may be 
secured. For practice, place a drop of 10 per cent solution of salicylic 
acid in 95 per cent alcohol oa a shde and leave it untU the alcohol evaporatee, 
Examine the residue of crystals in the ordinary way and then by dark- 
ground illumination. By the latter method the crystals should appear bril- 
liantly lighted on a dark background. Add a small drop of the solution to the 
crystals and watch crystallization under dark-ground illumination. 

For high powers, according to one system, very wide apertures (grata 
than l.OON.A.; see p. 199) are necessary in the condensers. Some makets 
{e.g., Leitz, Beichert) use specially modified condensers. Othere (e.g., Beck, 
Siedentopf) substitute a parabohc reflector for the condenser. In the 
method of Sledentopf and Zsigmondy, the field is hghted from one side, at 
right angles to the axis of the microscope, by a wedge or cone of bright 
light. In another method, useful for both high and low powers, an objective 
of wide aperture and a condenser of moderate aperture are employed. The 
field is lighted, as in ordinary microscopy, by a cone of light from the conden- 
ser, but a diaphragm or stop of the right size to cut out the central rays of light 
is placed on the back lens of the objective. In this way only those rays which 
have entered the marginal zones of the objective pass on to form on image, 
and among these are the rays which have been deflected by objects in the 
field. A somewhat similar result may be attained by using a stop in the 
eye-point (p. 193). For a fuller discussion of ultramicroscopy and dark- 
ground Illumination see A. E. Wright, Principles of Microscopy, chap. idv. 

Overcorrection and Undercoirectlon. — In correcting for chromatic 
aberration, if the concave lens is stronger than is necessarj- to neutralise the 
aberration of the convex lens, the blue rays are brought to focus beyond lie 
true principal focus of the objective, and the latter is said to be overcorrected; 
if the concave lens is not strong enough, the result is what is known as under' 
correction. In case of overcorrection, the object takes on an orange tint 
if, after focusing, the distance between object and objective is sltghtiy 
increased; or it becomes of bluish color if the distance is decreased. In 
case of undercorrection, just the reverse is true. In some instances the objec- 
tive is purposely undercorrected, and the eyepiece (e.g., compensating ocular) 
is equally overcorrected. 

Working Distance. — The distance between the front lens of the objec- 
tive and the object when the latter is in focus. With high powers it is VMy 
small, so that with some oil-immersion objectives, if a thick cover b used, 
it is impossible to focus upon the object. For this reason thin co%'er-glaasea 
(No. 1) should be used on preparations which are to be used with high-pc 
immersion leases. For examination under hi^-power dry lenses, hoi 
see remarks under "Correction Collar" (p. 191). 
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MANIPDLATION OF THE COMPOUND MICROSCOPE 

1. Always handle the instrument cautiously; it ia a delicate 
•chanism. Lift it by the base or by a handle specially provided, 

r by the tube. 

2. The work-table should be of such a height that the observer 
I sit at it comfortably without compressing the cheat or tiring 

the neck. Sit as upright as possible, If the instrument is inclined, 
it should set farther in on the table than if it is in the upright position. 

3. With a piece of old linen, a chamois skin, or a bit of lens- 
paper, carefully clean the eyepiece to be used and put it in place. 
Always use the low-power eyepiece first. 

i. Likewise clean and attach the objective (low power first) after 
elevating the tube far enough at»ove the stage for this purpose. 
Guard particularly against screwing the objective in crooked, as this 
will injure the threads. It is best to swing the objective between the 
first and second fingers of one hand and bring the screw squarely into 
contact with the screw of the tube (or nosepiece); with the thumb 
and forefinger of the other hand it is then screwed into place. 

5. Bring the draw-tube to the standard length (see "Tube- 
Length," p. 201) for which the lenses are corrected. If a nosepiece 
is used, allowance must be made for its height. In some of the more 
recently made microscoptis, however, the scale on the back of the 
draw-tube includes the nosepiece. In pushing in or drawing out the 
draw-tube always grasp the milled head of the coarse adjustment 
also, 80 that the tube aa a whole will not be shifted. 

6. Place the slide which bears the object on the stage with the 
object over the central opening of the latter, and clamp it in place 
by means of the spring clips. While lookii^ at the object from one 
side, turn the mirror until a flood of light shines up through the 
center of the stage. 

7. Lower the tube until the objective nearly touches the covei^ 
glass, then look through the eyepiece and slowly raise the tube 
by means of the coarse adjustment until the specimen to be examined 
is plainly visible. Focus accurately by means of the fine adjustment. 
If a high-power objective is being used, since it must come very 
near the cover, the operator should lower his head to the level of the 
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stage, and look toward the light lietween objective and eovcr-g 
in order to prevent actual contact. This is of great importance, fw 
othenviae the objective or the object is liable to injurj*. Remember 
that in focusing up the lowest part of the object comes into view first, 
the highest part last. It is often easier to locate the object if the 
preparation is moved about slightly while focusing. 

8. The higher the power the more difficult it is to find an object 
or a particular part of it. For this re^ison the finding is usually done 
by means of a low-power objective, or a low-power ocular, or both, 
and after accurately centering the object in the field, the high power 
is attached. In case a revolving nosepiece is used, great care should 
be used in turning in the high power not to strike the slide with the 
objective. This is very likely to happen if the objectives are no! 
parfocal. When objectives are not parfocal they may usually be 
made so by putting a paper or bristol-board collar on them. 

9. After the object is in focus give any further attention to the 
illumination that is ne(^essary {see "Illumination" and "Mirror," 
pp. 194, 199). If intensified illumination is desired, use the concave 
mirror, or use the substage condenser and the plane mirror. For 
ordinary purposes the field should he evenly illuminated, although 
oblique light is frequently useful. Manipulate the diaphragm until 
the structure to be studied shows with the greatest distinctness. Too 
much light "drowns" the object, and is hard on the eyes. (To 
determine the proper distance at which the concave mirror should 
stand below the stage, let direct sunlight shine upon the mirror, and 
then adjust the latter so that the apex of the cone of light comes ju»i 
at the top of the stage where the object will rest.) 

If particles of dust or cloudiness appear in the field, determine J 
moving the slide and rotating the ocular one after the other, what 
slide, objective, or ocular requires further cleaning. A cAi 
hair brush is often more effective than lens-paper or cloth in remoi 
bits of dust. 

10. In using oil-immersion objectives, a small drop of cedar oil 
(specially prepared by the maker of the lens) is applied to the front 
lens by means of a small rod or brush. It is very important to keep 
the oil free from dust, and to see that it does not contain air bubbles 
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when applied to the lens. Carefully lower the tube until the oil on 
the objective comes in contact with the cover-^lasa. The operator 
should lower his head to the level of the stage to observe this properly. 
Focus up as with a dry objective. For critical work immersion oil 
should also be placed between the condenser and the lower side of the 
slide. With a piece of lens-paper or a soft cloth clean the immersion 
lens immediately after you have hnished using it. Likewise remove 
the oil from the cover-^lass. Oil which has hardened on the cover- 
glass should be removed with lens-paper wet with xylol. 

If the immersion oil becomes too dense, as is likely after some 
^mouths, it may be diluted with pure cedar oil. 

U. The range of the fine adjustment is Umited. Keep it as 
near the middle point as possible. If the tube does not respond to 
the movement of the screw, you have probably gone beyond the 
range of the fine adjustment. 

12. In working with the microscope keep both eyes open. The 
eye which is not in use soon becomes accustomed to ignoring objects 
in the field of vision. To avoid fatigue it is well to use first one eye 
and then the other for observation. The eye should be placed at the 
eye-point (p. 193) of the lena. This is some distance from the eye- 
lens in low-power eyepieces, close to it in high-power eyepieces. 

While observing, with one hand keep the fine adjustment moving. 
This relieves the eye of the strain of attempting to focus on different 
depths of the object. 

13. Put the microscope in its case when you have finished using it, 
or at least cover it with a cloth or cone of paper. For further details 
regarding the use or care of the microscope consult one of the following 
books: The Microscope, by Gage; Principles of Microscopy, by 
Wright; The Microscope and Us Revelations (1,200 pages), by Car- 
penter and Dallinger. 

14. Do not apply alcohol to any part of the instrument. The 
lenses may be cleaned oidinarily by breathing upon them and wiping 
them with a rotarj' motion on lens-paper or a piece of soft old linen. 
In case a solvent must be used for balsam or oil, benzene is the one 
commonly reconmiended. It must be quickly wiijed away so that it 
will not affect the setting of the lens. 
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15. Bead carefully in the catalogue of the maker of your instru- 
ment what is said about its construction. 

16. Determine the ms^nifications of your various combinations 
of lenses as described under the heading of "Micrometer'^ (p. 197). 

The beginner in microscopy should acquaint himself with various 
common objects that are liable to get into his preparations in the 
form of dust, etc., so that he may not mistake them for essential parts 
of his specimen. Such objects are hairs, fibers of silk, wool, linen^ 
cotton, and the like, and particularly air bubbles. Air bubbles are 
usually circular with black borders and bright centers; they may 
show tinges of color. Examine a drop of saliva for examples. 




APPENDIX B 

SOME STANDARD REAGENTS AND THEIR USES 

I. FIXING AND HARDENING AGENTS 

1. Acetic Acid.-^Acetic acid is more commonly used in mixtures 
or in diluted form than pure. It is valuable because it tends to pro- 
duce good optical differentiation and facilitates penetration. When 
employed alone it causes some tissues to swell and disintegrate. 
Inaf<mucl) as most fixing agents give the best results when they have 
an acid reaction, from 1 to 5 per cent of acetic acid is generally added 
to acidify them in case they are not naturally acid. Any reagent 
containing a very large proportion of acetic acid should be allowed 
to act for only a short time. Acetic acid is also of great value in 
mixttires l>ecAuae it counteracts the shrinking action of certain 
reagents. Ordinary acetic acid is of about 36 per cent strength; 
glacial acetic, of about 99 . 5 per cent strength. The latter is meant 
when mentioned in this book unless otherwise specified. 

A strength of from . 2 to 1 per cent is recommended by Flemming 
for work on cell nuclei. Strong glacial acetic acid is sometimes used 
for highly contractile animals, such as Coelenterata, Mollusca, and 
Vermes. The animal is rapidly flooded with the acid and remains 
immersed until it is thoroughly penetrated (6 to 10 minutes). It 
is then washed in repeated changes of 50 or 70 per cent alcohol and 
left to harden in 70 to 83 per cent alcohol. The pure acid, if allowed 
to act for more than a few miimtes, swells and softens the tissues. 
Acetic acid should not be used when connective tissue or delicate 
calcareous structures are to be preserved. 

2. Acetic Alcohol.— Camoy recommends each of the following 
formulae: 

a) Glacial acetic acid 1 part 

Absolute alcohol 3 parte 

b) Glacial acetic acid 1 part 

Absolute alcohol 6 parte 

Chloroform 3 parte 
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The clilorofomi is said to hasteo the action of the mixture. 
Either of these reagents penetrates well and acts rapidly. SoUitioo b 
is especially good for glandular or lymphatic tissue. Almost any stain 
will follow them. Even such difficult objects as the eggs of Ascaris 
may be fixed by the second mixture. The reagent should be washed 
out in absolute or at least in strong alcohol. 

Absolute alcohol to which 20 per cent acetic acid has been add^ 
is also in use in Boveri's laboratorj' for Ascaris. Material is left 
overnight in it. 

A mixture of absolute alcohol, glacial acetic acid, and chloroform, 
equal parts, saturated with corrosive sublimate (formula of Camoy 
and Lebrun), becomes even more valuable for the fixation of difficult 
objects. According to Lee, isolated ova of Ascaris are fixed in 30 
seconds, entire oviducts in 10 minutes, in this liquid. It is good for 
cytological work in general. 

3. Alcohol. — ^Alcohol is used especially for gland cells and for 
preserving the l)rain and spinal cord for Nissl's method of staining 
nerve cells. See "Alcohol Fixation," p. 28; also reagents I and 2, 
p. 7, and ineiiKininda on p. 13. 

Alcohol and Chloroform. — See 2, h. 

Bensley's Formol-Bichromate-Sublitnate Mixture. — See p. 153. 

Bichloride of Mercury.^See "Corrosive Sublimate." 

4, Bichromate of Potassiiun. — Bichromate of potash is one of 
the oldest and best known fixing reagents. At present it is more com- 
monly used in mixtures than alone. It is widely used in hardening 
nervous tissue. Its fixation of nuclei is unsatisfactory unless it is 
properly corrected through the addition of acetic acid. It acts ver>' 
slowly, about three weeks being necessarj- to harden properly » 
sheep's eye, and from three to six months for a good-sised hroin. A 
weak solution (2 per cent) should be used at first, to be replaced 
gradually by stronger solutions up to 5 per cent. When hardcsuDf 
is completed the object should be thoroughly washed in running 
water and then put into alcohol; begin with low percentages of 
alcohol and gradually increase the strength up to 70 or 80 iier cent. 
Change the alcohol as often as it becomes yellow. After the object 
has been placed in alcohol, keep it in the dark in order to prevent a 
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precipitate forming on the surface. Either camiine or hematoxj-lin. 
may be used as a stain after bichromate of potash. In case carmine 
is used, the st-aininR is beet done before the object is placed in alcohol. 
Tissues which do not stain well should be placed for 3 hours in acid 
alcohol and then washed in alcohol before staining. 

5. Bichromate of Potassium and Acetic Acid (Tellyesnicky's 
fluid}.— 

Bichromate of potassium 3 grams 

Glacial acetic acid 5 c.c. 

Water 100 c.c. 

It is best not to add the acetic acid until just before usuig. This 
is a good general recent. It is valuable for embryos. Objects 
should remain in some 20 volumes of the fluid from 24 to 48 hours, 
according to size. It is well to change the fluid once after a few 
hours. After fixation, tissues should be washed thoroi^hly in 
running water (6 to 12 hours) and passed through alcohols of increas- 
ing strength beginning with 15 per cent. 

6. Bichromate of Potassium and Corrosive Sublimate (Zenker's 
fluid). — For formula, see p. 8, reagent 7. 

Zenker's is a valuable reagent for both histological and erabrj'O- 
logical material (embryos up to 25 mm.). Several hours are required 
forfixation: 2 to 4 hours for a 2-day chick; 8 to 10 hours for objects 
or embryos of 6 to 8 mm.; 24 hours for embryos of 12 to 14 mm., etc. 
For washing, running water is employed for from 12 to 24 horn's. The 
object is then transferred to gradually increasing strengths of alcohol 
up to 70 per cent, leaving it according to size from 1 to 3 hours in each 
alcohol. To remove the excess of corrosive sublimate, see 14, 
"Caution" 1. Almost any stain follows this i-eagent well. Both 
nuclear and cytoplasmic structures are properly fixed. 

7. Bichromate of Potassium, Corrosive Sublimate, and Formalin 
(Zenker fonnalin mixtures).— 

A. Helly's Fluid: 

Prepare a Zenker's fluid, but instead of acetic acid add formalin 
in the same proportion and in the same way. Good for tissues in 
which it is desired to examine the granular cytoplasmic contents. 
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B. Danchakofs Mixture: 

Corrosive su!)limate 50 parts 

Potasaium bichromate 25 parts 

Sulphate of soda .10 or 12 parts 

Water 1,000 parta 

Boil to dissolve. Just before using add sufBcient formalin to 
make the solution contain 5 per cent for soft tissues or 10 per cent 
for dense tissues. Fix for from 2 to 4 liours, never more than 6 hours. 
Keep the mixture at about 37° C. during fixation. This fluid is 
useful for some kinds of cytological work. 

8. Bichromate of Potassium and Cupric Sulphate (Erlicki's 
fluid).— 



Bichromate of potash 5 grams 

Sulphate of copper 2 grama 

Diatiiled water 220 c.c. 
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Pulverize the crj'stala before adding the water. 

Erlicki's fluid is an excellent reagent for general i 
especially valuable for voluminous objects such as advanced embryOK 
Its principal drawback is the length of time required properly to 
harden objects (five days to three weeks). The process may bl 
hastened by keeping the Quid containing the tissue at the tempemtioa 
of an incubator (39° C). At the end of this time transfer ths 
object to 35 per cent alcohol, keeping it in the dark for two houre to 
avoid precipitation. The alcohol should be changed occasional!}' 
during this time. Repeat the process, using 50 per cent alcohol, and 
finally preserve the material in 70 per cent alcohol, 

9. Bichromate of Potassium and Sodium Sulphate (Miiller's 
fluid).— 

Bichromate of potassium 20 to 25 grams 

Sodium sulphate 10 grams 

Water 1,000 c.c. 

MUller'3 fluid is an old and widely used reagent. It is especn^ 
valuable for the nervous system. It acts very slowly. Speciment 
require immersion in a large quantity of the fluid from three to tea 
weeks, according to size. The solution should be changed every two 
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? days for the first ten days, and later about once a week. If a scum 
appears at any time, the fluid should be changed. In washing, the 
tissues are placed in running water for a number of hours and are 
then treated with gradually increasing strengths of alcohol in the 
usual manner. For some purposes, however, the tissue is transferred 
directly from the fluid to 70 per cent alcohol. In any event, the 
material shouki alwajs lie kept in the dark to prevent precipitation. 

Bouin's Picro-Formol.^See pp. 9 and 29. 

Camoy's Acetic Alcohol. — See 2. 
L 10. Chloride and Acetate of Copper (Uquid of Ripart and Petit). — 



Camphor water 73 . grams 

Crystallized acetic acid 1.0 gram 

Distilled water 75 . c.o. 

Acetate of copper 0.30 gram 

Chloride of copper 0.39 gram 



This is a good reagent for cytological work where objects are 
to be studied in as fresh a condition as possible. Methyl green 
(reagent 60) should be used for staining. Only aqueous media are 
employed with such material. 

11. Chromic Acid.^Aqueous solutions of from 0.2 to 1 per 
cent are used. The acid is best kept in the form of a 1 per cent 
stock solution. Tissues are left in at least fifty times their volume 
of the acid for from 24 hours for small pieces to one or more weeks for 
larger ones. The objects are then washed in nmning water for 
several hours, after which they are treated with gradually increasing 
strengths of alcohol. Do the washing and dehydrating in the dark. 
If sections of chromic-acid material do not stain readily, they should 
be treated for three hours with acid alcohol, washed out with ordinary 
alcohol, and then stained. Hematoxyhn or some of the anilins are 
the best stains for chromic material. Chromic acid hardens much 
more rapidly than bichromate of potash. It makes tissues extremely 
brittle. 

12. Chrom-Acetic-Osmic Acid (Flemming's solution). — 

Chromic acid, 1 per cent aqueous solution 15 parte 

Osmic acid, 2 per cent aqueous solution i parta 

Glacial acetic acid I part 
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This is the so-called "strong" solution of Fleniming. The" 
mixture should not be made until immediately before using, because 
it deteriorates if allowed to stand for any considerable length of time. 
The fluid is valuable for cytological work, especially for the study 
of karyokinetic figures. Only small pieces of tissue should be used, as 
the reagent penetrates poorly. They should remain in the fluid for 
from 24 to 48 hours and then be washed in running water for from 
6 to 24 hours. From water they are transferred to gradually 
increasing strengths of alcohol. Particles of fat are blackened by 
the mixture. Sections stain well with Rafraniii or hematoicyliiL | 
Read the remarks on osmic acid, 21. 

13. Cbrom-Acetic-Formalm Mixture. — 

Chromic acid, 1 per cent solutioD 16 parts 

Glacial acetic acid 1 part 

Just before using add to two volumes of this mixture one volui; 
of formalin. This is a good fixing fluid for general embryologict 
work. 

14. Corrosive Sublimate (mercuric chloride, bichloride "of 
mercury).— Corrosive sublimate is ordinarily used as a saturated 
solution in distilled water (about a 7 per cent solution) or in normal 
saline. The latter keeps tetter and contains a greater percentile nf 
the sublimate. Corrosive sublimate is an excellent and rapid fixing 
fluid for many objects {glands, epithelia, etc.). Objects should 
remain in the fluid only long enough to become thoroughly fixed; 
this has been accomplished when they have become opaque through- 
out. Only a few minutes or even seconds are required to fi 
delicate objects, but denser tissues may require from 4 to 24 lioui 
The value of the fluid is usually enhanced by the addition of 5 p 
cent of glacial acetic acid. Small pieces of tissue (not over 0.6 c 
in diameter) should be used where practicable. Washing may I 
done in running water (several hours) or in 50 to 70 per cent alcobl 

Cautions.— (1) With corrosive sublimate or mixtures conta 
it, the mercuric salt is often not wholly removed in washing. If tl 
tissues are to remain several days or weeks in alcohol, the alcohol n 
i gradually extract it. If they are to be used within a few c 
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however, it ia neceeeary to remove the excess of sublimate by adding 
a few drops of a 10 per cent alcoholic solution of iodine to the 70 per 
cent alcohol. Sufficient of the solution is added to give the alcohol a 
port-wine color; as often an the color disappears the iodine must be 

» renewed. After from 12 to 48 hours of this treatment, the iodine color 
persists, and the object should then be transferred to fresh 70 or 
80 per cent alcohol, which must be renewed until it no longer extracts 
iodine from the specimen. Some workers prefer not to treat tissues 
fixed in a mercuric fixer with the iodized alcohol until they are 
sectioned and on slides. The treatment then requires only about 
30 minutes. 

(2) In handling corrosive sublimate, a glass or horn spoon should 
be used instead of a metal instrument, because it corrodes metal. 

(3) Use distilled water, not tap water, in making an aqueous 
solution. 

t15. Corrosive Sublimate and Acetic Acid. — 
Corrosive sublimate, saturated aqueous solu- 
tion 100 parts 
Glacial acetic acid 5 to 10 parts 
This is an excellent reagent for embryonic tissues and for oi^ans 
which do not contain a very great amount of connective tissue. See 
remarks under 14. 

16. Corrosive Sublimate, Nitric-Acid Mixture (Gilson's mercuro- 

I nitric mixture).— 
Corrosive sublimate 5 grama 
Nitric acid (approximately 80 per cent) 4 c.c. 
Glacial acetic acid 1 c.c. 
Alcohol (70 per cent) 25 c.c. 
Distilled water 220 c.c. 
Filter after three days. 
Gilson'a b an excellent general reagent and gives a very delicate 
fixation. Objects should be left in the Suid from 15 to 30 minutes for 
delicate ones to 6 hours for those which are larger or denser, although 
many tissues may be left for 24 hours without injurj'. This is one 
J of the most satisfacton,' killing and fixing reagents that the beginner 
^r can use. 



Danchakoff's Murture.—See 7 B. 
Erlicki's Fluid.— See 8. 

17. Ether-Alcohol. — Equal parte of sulphuric ether and al 
alcohol. 

Flenuning's Solution. — See 12. 

18. Formalin.^See reagent 6, p. 8. and reagent 4, p. 29. It 
should be borne in mind that formalin is a reducing agent and will 
rapidly decomptrae such reagents as oamic acid or chromic acid if 
mixed with them. It preserves fat and myelin, so that they may 
be stained by the standard methods, and various substances, mich 
amyloid and hemosiderin, to which it may be desirable to a] 
chemical tests. 

Commercial formalin is always slightly acid. This is not obji 
tionable for ordinary fixation. If neutral formalin is required, add 
magnesium carltonate to the commercial variety, keeping a deposit 
of the carbonate on the bottom of the formalin container. 

19. Formalin, Alcohol, and Acetic Acid (Lavdowskj-'s mixture). 

Formalin, commercial 10 parts 

Alcohol, 95 per cent 50 parts 

Glacial acetic acid 2 parts 

Distilled water , 40 parts 

This mixture is recommended in some cases for the treatment of 
embryos, especially when the nervous system is to he studied. It 
penetrates well and preserves faithfully; the alcohol counteracts the 
swelling effects of the acetic acid and the formalin. Material may 
remain in it without injury for several days. The fluid should sooner 
or later be replaced by 70 per cent alcohol. No preli 
is necessary. 
, Fonnalin-Zenker. — See 7. 

20. Fonnol Sublimate (Worcester's fluid). — a) JIake a saturated 
solution of corrosive sublimate in 10 per cent formalin. This reagent 
is recommended by Raymond Pearl {Journal of Applied Microscope, 
VT, 2451) as "extremely satisfactory" for killing and fixing protozoa. 
Washing may lie done in water or 4 per cent formalin. The material 
may be preserved in 4 per cent formalin or carried up the gradi 
alcohol to 70 per cent alcohol. 
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b) If to 9 parts of this formol-sublimate mixture 1 part o( 

glacial acetic acid is added, Worcester's formol-sublimate-acetic 

mixture is obtained. Pearl recommends this highly for teleost egga 

f and for embryological material in general. It will not produce 

P copulations and cloudiness in the gelatinous envelopes of amphibian 
eggs, if thoroughly washed out after hxing. Preservation is the 
same as for (a). Johnson {Journal of Applied Microscopy, VI, 2652) 
also recommends this reagent very highly for general work except 
in the case of nervous tissue. 

Personally, I have found it advisable not to prepare either of the 
[ above mixtures until needed because the formalin, which is a reducing 
agent, causes much of the mercuric salt to pass over into the insoluble 
mercurous salt. 

Gilson's Mercuro-Nitric Mixture.— See 16. 

HeUy's Fluid.— See 7 A. 

Hennann's Fluid.— See 27. 

Kleinenberg's Picro-Sulphuric. — See 26. 

Lavdowsky's Mixture. — See 19. 

Miiller's Fluid.— See 9. 

21. Osmic Acid (really the tetroxide of osmium OsOJ. — Osmic 
acid kills quickly and fixes well. It is exceedingly volatile. The 
chief objections to it, aside from its extremely poisonous nature, are 

tits poor powers of penetration, and the fact that it becomes reduced 
m the prracnce of the least amount of dust containing organic par- 
ticles. The substance must be handled with the greatest care, as 
even the vapors arc dangerous. It is usually put up in small quanti* 
ties (0.1 to 1 gram) in hermetically sealed glass tubes. In making 
up solutions, the wrappings are removed from such a tube, and the 
tube is dropped into a reagent bottle, where it may then be broken 
bymeansof aglassrod. Aside from its use in mixtures (see reagents 
12 and 27), the vapor or a 0.05 to a 1 per cent aqueous solution is 
commonly used. A stock solution of 1 per cent is usually kept on 
band. It must be kept free from dust. As the most practical way 
of preventing reduction, Lee recommends that the osmic acid for 
ordinary work be kept as a solution in chromic acid (a 2 per cent | 
Bolution of osmic acid in a 1 per cent aqueous solution of chromic | 
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acid). This solution may be employed in making up Flemming's 
solution or for the purpose of fixation by means of osmium vapor. 
For vapor fixation, however, many workers prefer the vapor from the 
solid crystals. 

To fix by means of the vapor, the tissue is pinned to the lower 
end of a cork which fits tightly into the bottle containing the osmic 
acid, or it is suspended by a thread. Objects which will adhere to a 
slide are fixed by simply inverting the slide over the mouth of the 
bottle. The time required for such fixation varies from thirtj' seconds 
or a few minutes for isolated cells to several hours for thicker objects, 
such as the retina. For fixing in the solution, 24 hours are required 
ordinarily. Objects are then washed in running water for the same 
length of time. Only small or thin pieces can be fixed by means of 
either the solution or the vapor. The stains which follow osmic 
acid best are hematoxylin, methyl green (for study in aqueous media), 
alum-carmine, picro-carmine, and safranin. 

22. Picric Acid. — A cold saturated aqueous solution (about 
1.2 per cent) of picric acid is commonly used. Small objects are 
fixed in from a few minutes (infusoria) to 6 hours ; objects up to 1 cm. 
in size in from 24 to 36 hours. They may be left a much longer time, 

L however, without injury. Large objects may require weeks for 
proper fixation. After fixing, tissues should be washed in 70 per 
cent alcohol until the alcohol is no longer colored by the picric acid. 
The tissue should not pass, during subsequent treatment (with a 
few exceptions in case of staining), into an aqueous medium or into &n 
alcohol of less than 70 per cent strength, because such media seem to 
undo the work of fixation. 
23. Picric Alcohol.— Gage recommends a 0.2 per cent solution of 
picric acid in 50 per cent alcohol as an excellent fixer and hardener 
for almost any tissue or organ. Time required, 1 to 3 daj-s. Entire 
objects which have been fixed in picric acid or in picric alcohol stain 
readily in borax-carmine or paracarmine. 
24. Picro-Acetic.^-Saturate a 1 per cent aqueous solution of acetic 
acid with picric acid. This liquid is widely used as a general reagent, 
and is to be preferred for most purposes to picric acid t 
washing, etc., see remarks under 22. 
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Picro-Acetic-Fonnalin, — See Bouin's Picro-Formol, pp. 9, 29. 

25. Picro-Sublimate. — 
RabVs: 

Picric acid, saturated aqueous solution 1 vol. 

Corrosive sublimate, saturated aqueous solution 1 vol. 
Distilled water 2 vols. 

This mixture has been especially recommended for embryoB, 
They are left in the fluid for 12 hours, then washed in weak alcohol 
and transferred to gradually increasing strengths of alcohol. 

10. mm Roth's: 
Picric acid, cold saturated solution 1 vol. 
Corrosive sublimate, hot saturated solution 1 vol. 
Glacial acetic acid 0.5 to 1 vol. 
After fixing for several hours, tranefer the material directly into 
alcohol. 

26. Picro-Sulphuric (Kleinenberg's). — 

^ Picric acid, saturated aqueous solution 98 vols. 
Sulphuric acid 2 vols. 
Water 200 vols. 

This ie an excellent reagent for embryos, either for entire mounts 
or for sectioning. Chick embryos of 24 to 48 hours should remain 
in the liquid for from 2 to 4 hours; older embryos for from 3 to 6 
hours. For washing, 70 per cent alcohol is used. It should be 
changed (frequently at first) until the color ceases to come out of 
the embryos. Preserve in about 80 per cent alcohol. 

Lillje recommends the addition of glacial acetic acid sufficient 
to make a 5 per cent solution of acetic acid, 

127. Platino-Aceto-Osmic Mixture (Hermann's fluid). — 
Platinum chloride, 1 per cent aqueous solution. . . 60 c.c. 
Osmic acid, 2 per cent aqueous solution 8 c.c. 
Glacial acetic acid 4 c.c. 
Hermann's fluid is one of the most valuable cytolt^ical reagents. 
Only small pieces of tissue should be used. The washing and sub- 
sequent treatment are the same as for Flemming's solution (12). 
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For subsequent treatment with pyrogallol, s> 
remarks on osmic acid (21). 

Rabl's Picro-Sublimate. — See 25. 

Rath's (O. vom) Picro-Sublimate. — See 25. 

Ripart and Petit, Liquid of. — See 10. 

Tellyesnicky's Fluid.^-See 5. 

Van Gehuchten's Fluid.— Same as 2, b). 

Worcester's Fluid.— See 20. 

Zenker's Fluid. ^-See 6. 

n. sTAras 

Read the general statement about etains in chap. ii. I 

28. Alum-Cochineal.— For formula see p. 9. .■Uum-fl 
one of the best stains for entire objects. It is easy to j 
and does not overstain. The time required for staining ifl; 
36 hours ordinarily. After staining, the object should bel 
waterfor 15 or 20 minutes to extract the alum, which wouU 
crystallize when the preparation is placed in alcohol. "D 
immersion in water may extract the stain to too great \ 
From water the object should be passed upward through 
of alcohol, remaining about an hour in each. The writd 
alum-cochineal especially valuable for flatworms (tapewoi 
etc.) and embryos. If it is desired to use a eountersts 
Lyon's blue, picric acid, orange G, or light green will ana 

29. Alum-Carmine.^ 

Powdered cannine I p 

Ammonia alum (2 . 5 per cent aqueous solution) 100 c.c 
Boil for 20 minutes, and filter when cool. The uses and 

tion are the same as for reagent 28. These stains affect 

structures injuriously. 

30. Aniliu Stains.— Read the general remarks about 4 
in chap, ii (p. 20) . The formulae for some of the most imj 
given separately in this list iu their proper alphabetical pc 

The dyes are dissolved in water, in alcohol of any desin 
or in anilin water, according as they are soluble in these n 
they meet the needs of the operator. Some workers eve 
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^ them as couoterst'ains dissolved in the clearing fluid. For the 
study of nuclei, after Hermann's or Flemming's fluid has been used 
for fixing, the writer has found a weakly alcoholic anilin-water solu- 
tion to be the most satisfactory. As cytoplasmic contrast stains 
alcoholic solutions (in 70 to 95 per cent alcohol) have given the best 
results. Anilin water is made by shaking up 4 c.c. of anilin oil in 
90 c.c. of distilled water and filtering the mixture through a wet Slt«r. 
Enough alcohol may be added to make it a 20 per cent alcohol, if a 
weakly alcoholic solution is desired. 

The length of time which sections should be immersed in the 
stain varies from a few seconds or minutes for acme of the dyes 
(especially when used for cytoplasm) to 24 to 36 hours for others 
(especially nuclear). Sections usually overstain, in which case 
they are differentiated by means of alcohol, either pure or slightly 
acidulated with hydrochloric acid. The color is thus extracted 
rapidly; decolorization should be stopped immediately after the 
color ceases to come from the tissue in clouds (20 seconds to 3 min- 
utes). If acidulated alcohol is employed, it must be in much weaker 
solution than that used for extracting carmines or hematoxylins. 
One part of hydrochloric acid to 1,000 of water or alcohol is about the 
correct proportion. When one desires to study the karyoklnetic 
figures of nuclei, the acid-alcohol differentiation should be employed, 
but if resting nuclei are to be studied, only neutral alcohol should 
be used. 

31. Anilin Blue, Orange G, and Acid Fuchsin (Mallory's tviple 
connective-tissue stain).— 

ISoltUion 1: 
Acid fuchsin 0.5 gram 
DirtiUed water 100 c.c. 
Solution II: 
.\niljn blue (Griibler'a water soluble) 0.5 gram 
Orange G (Griibler) , . 2,0 grams 
Phoephomolybdic acid, 1 per cent aqueous 
solution 100 CO. 

The tissue should have been fixed in Zenker's fluid. Stain 
either paraffin or celtoidiu sections in the acid-fuchsin solution for 



5 minutes or longer, depending upon the freshness of the tia 
Transfer directly to solution II and stain for from 10 to 20 minuted 
or longer. Wash and dehydrate in several changes of 95 per cent 
alcohol. Pass paraffin sections through absolute alcohol, clear in 
xylol, and mount in balsam. Clear celJoidin sections from 95 per 
cent alcohol in creosote or other celloidin clearer, or blot and clear 
in xylol, finally mounting in balsam. 

Connective-tissue reticulum, collagen fibrils, mucus, amyloid, 
and various other hyaline substances stain in different shades of 
blue; nuclei, cytoplasm, axis-cylinders, neurogha fibers, Gbroglia fib- 
rils, and fibrin atain red; elastic fibers, pale pink or yellow; and red 
blood corpuscles and myelin sheaths, yellow. If the acid fuchsin 
IB omitted, nuclei and protoplasm etain yellow and the connective- 
tissue fibrillae and reticulum stand out sharply in deep blue. This 
is an excellent stain for developing bone, inasmuch as cartilage 
stains light blue and bone dark blue. ^M 

Bensley's Acid Fuchsin-Methyl Green Method. — See p. 144. ^H 
Bensley's Copper Chrome Heciatozylin Method. — See p. 145. ^| 

32. Bismarck Brown.^Boil 1 gram of the stain in 100 c.c. of 
water, filter, and add 30 c.c. of strong alcohol. Bismarck brown is 
a nuclear stain which does not overstain, although it acts rapidly. 
After staining, wash in 95 per cent or absolute alcohol. This stain 
is also used in aqueous solution for iTdrarvilam staining; the nucleus 
of the living cell may thus be colored. It has been used as an inir* 
vitam stain mostly in the study of infusoria. The stain may be 
fixed by means of a 0.2 per cent chromic-acid solution, but this, li 
course, destroys the life of the cells. ^H 

33. Borax-Carmine (Grenacher's). — ^H 

Borax (4 per cent aqueous solution) 100 c.o. ^^| 

Carmine 1 gram 

Boil until the carmine dissolves, then add 100 c.c. of 70 per cenl 
alcohol. Filter after 24 hours. 

This is a stain much used in the past for staining in bulk. Object* 
must be left in it for from 24 hours to several days. They are then 
transferred, without washing, to acid alcohol and left until the color 
no longer comes away in clouds. Objects should become bright 



J 
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^ncarlet in color. Finally they should be washed and hardened in 
^Hteutral alcohol. J 

H 34. Bordeaux Red.— 1 

^M Bordeaux red 1 gram 

H Distilled VFater 100 c.c. 

IT This is a good plasma stain. Recommended by Heidenhain 
as a contrast stain for iron-hematoxylin in the demonstration of 
centrosomes (p. 147). Stain for 12 to 24 hours. 

35. Carmalum (Mayer's).— 

jV Carminic acid 1 gram I 

^1 Alum 10 gramB 1 

" Distilled water 200 c.c. 

Dissolve with heat and filter the solution when cold. Add a 
few crj'Stals of thymol or a little salicylic acid to prevent the forma- 
tion of mold. Carmalum is one of the best stains for staining objects 
in bulk and will follow almost any fixing rei^ent, even OBmic acid. 
If the object has an alkaline reaction it does not stain so well. Wash- 
ing is done in water. 

36. Caimine (Beale's).— 

I Powdered carmine 1 gram J 

Ammonia 3 o.o. I 

Pure glycerin 96 o.o, ' 

Distilled water 96 o.o. 
Alcohol, 95 per cent 24 c.c. 
The ammonia and part of the water are first mixed and the 
carmine dissolved in the mixture. The remaining water is added 
and the solution is left in an open dish until the ammonia has almost 
evaporated. The alcohol and glycerin are then added. For staining, 
equal parts of the stain and glycerin are used. The stainii^ is carried 
on for 24 hours under a bell-jar in an uncovered dish. A second open 
dish containing acetic acid ia placed under the bell-jar. After 
staining, the sections are washed in water, then in weak hydro- 
chloric acid (1 to 500 of water), and again in water. Minot recom- 
mends this stain and method of treatment especially for the placenta 
and for the central nervous system of embryos. 



37. Carmiiie, Picric Acid, and Indigo Carmine (Callfja's staining 
fluid).— ^m 

Soltttion I: ^^^ 

Carmine 2 grams ^^H 

Lithium carbonate, saturated aqueoue sotu- ^^H 

tion 100 ^^M 

Solution If: ^H 

Indigo-carmine , 25 gram ^^| 

Picric acid, saturated aqueous solution 100 c.c. ^H 

Place sections in solution I for from 5 to 10 minutes, then int^| 
acid alcohol until they become pale red (20 to 30 seconds); wash well 
in water. Next place the sections in solution II for 5 to 10 min- 
utes, then into acetic acid (0.2 to 0.5 per cent) for a few secondej.^^ 
and wash well in water. Dehydrate rapidly and clear in xyl(£j^| 
The method is useful for epithelial cells and connective tissue. ^H 

38. Carmine, Acid (Schneider's). — Add carmine to boiling aeetiff^^ 
acid of 45 per cent strength until no more will dissolve. Filter the 
solution when cool. This is a valuable reagent for the study of the 
nuclei of fresh cells. It is very penetrating and gives a brilliai^^H 
stain. The strong acetic acid ultimately ilestroys the cell. ^H 

39. Congo Red.— For formula, see p. 10. This is a good coimteg^H 
stain for hematoxylin, especially when applied to fetal and youi^^| 
tissues. Its solutions become blue in the presence of free acid, hes^^H 
it is useful in determining the existence of free acid in tissues. ^^| 

40. Cyanin (Chinolin Blue; Quinoline Blue). — Dissolve 1 gram 
of cyanin (prepared by H. A. Metz & Co., of New York) in 100 c.c. of 
95 per cent alcohol, and add 100 c.c. of distilled water. This is a good 
cytological stain. Sections are stained for 5 to 10 minutes, Chromo- 
somes stain a deep blue. I have foimd cyanin followed by erj'tbrosin 
(0.5 per cent alcoholic solution) especially valuable for spermatozoa. 

41. Ehrlich-Biondi Triple Stain (Heidenhain). — The ingredients 
should be obtained from Griibler and HoUborn, Baiersche Strasse 63, 
Leipzig, or from their agents. 

Acid fuchsin, saturated aqueous solution 4 parts 

Orange G " " " 7 parts 

Methyl green (Methylgriin 00) saturated aqueous 

solution - 8 parts 
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The solution of orange should be prepared first, and the solutions 
of fuchsin and methyl gi-een added to it with continual stirring. 
Each solution must be thoroughly saturated; it takes several days for 
this to occur. The above-mentioned mixture constitutes a stock solu- 
tion which should be diluted with about 50 or 100 times its volume of 
water l)efore using. According to Lee (Microtomist's Vade-Mecum), 
"if a drop be placed on blotting paper it should form a spot bluish 
green in the center, orange at the periphery. If the orange zone is 
surrounded by a broader red zone, the mixture contains too much 
fuchsin." For use with this method, tissues should be fixed in pure 
corrosive-sublimate solution. Sections should be thin (3 to 5 microns) 
and must remain in the stain from 12 to 24 horn's. They should then 
be rapidly washed in 95 per cent alcohol, placed for a short time in 
absolute alcohol, and cleared in xylol. If the sections remain in 
the alcohols any considerable length of time, the methyl green will 
be extracted. The stain is very uncertain in its action, but when it is 
successfully applied the results are excellent. It is used chiefly in 
cytological studies, especially in connection with gland cells. Griibler 
prepares a dry powder for this three-color mixture, but the results are 
usually not as satisfactory as when the mixture is properly made 
fresh. To prepare the stain from the powder, a . 4 per cent solution 
of the latter in distilled water is made, and to 100 c.c. of this solution 
7 c.c. of a . 5 per cent aqueous solution of acid fuciisin is added. 

r42. Ehrlich's Triple Stain. — For blood films Ehrlich's so-called 
cid mixture is a serviceable stain which is widely used. 



Orange G, eaturaled aqueous solution 14 c. 

Acid fuchsia, saturated aqueous solution 7 c.c. 

Distilled water Ifi c, 

.Absolute alcohol 25 c.c, 

Methyl green, saturated aqueous solution 12 c.c, 

Glycerin 10 C.c. 



Each solution must be thoroughly saturated (several days). Add 
the ingredients in the order named, shaking the mixture well before 
each addition. It is best for the stain to stand several weeks before 
it is used. Neutrophil granules stain violet, oxyphil granules a 
brownbh red. The mixture stains in from 5 to 15 minutes. 



L 



43. Eosin.— See recent 16, p. 10. This anilin dye is oft«ii ueed 
aft€r hematoxylin as a contrast stain. It is specific for certain 
granules of leucocytes and for red blood corpuscles, ^ving to the 
latter a very characteristic coppery-red tinge. Some workers prefer 
to dissolve it in water or in some cases in the clearer. 

44. Eiythrosin.—An eosin; properties and manipulation much 
the same as ordinary eosin (see reagent 43). 

45. Fuchsin, Acid (Rubin S, Acid Magenta, Magenta S). 



Acid fuchsin 0.5 gram 

Distilled water 100 c.c. 



M 



Thia is an excellent anilin stain for cytoplasmic structiires. It 
is also used in some instances as a specific stain for nerve tissue. 
Acid fuchsin should not be confounded with basic fuchsin, which is a 
nuclear stain. It too is used in aqueous solution. When fuchsia 
alone is mentioned by writers, without specifying whether it is acid 
or basic, the basic fuchsin is ordinarily meant. 

46. Fuchsin-Metiiyl-Green Stain (Auerbach's). — Keep in sepa- 
rate bottles 0. 1 per cent aqueous solutions of acid fuchsin and methyl 
green respectively. When ready to use, mix 2 parts of the aeid- 
fuchsin solution with 3 or 4 parts of the methyl green, after acidulating 
every 50 c.c. of the former with 1 drop of a 10 per cent solution of 
acetic acid. 

Thia stam works best after a subUmate fixer. Chromosomes 
stain green, linin and plasraosoraes red. Sections should not be over 
3 or 4 microns thick. Stain for 15 minutes and transfer directly 
to 95 per cent alcohol. As soon as the green stain ceases to leave 
the sections in clouds, pass the slides rapidly through absolute 
alcohol and xylol and mount in balsam. 

47. Fuchsia (Acid) and Picric Acid (Van Giesen's stain). — 

Acid fuchsin, 1 per cent aqueous solution 10 c.c. 

Picric acid, saturated aqueous solution 90 c.c. 

This stain is frequently used in conjunction with hematoxylin 
in the study of fibrous or of nerve tissue. Small bits of tissue should 
be fixed in corrosive sublimate or its mixtures. Sections are slightly 
overstained with hematoxylin, rinsed in water, and then stained 
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5 minutes in the picro-fuchsin mixture. To avoid extracting too 
much of the yellow color in dehydrating and clearing, the alcohols and 
clearer should each have a few crystals of picric acid added to them. 
The result should Ije: nuclei and epithelia brown; white fibrous 
connective tissue red; elastic tissue and muscle yellow. 

48. Geatian Violet. — This is one of the best of the nuclear anilin 
stains. It is best made up in anilin water and weak alcohol (see 
reagent 30). 

» Gentian violet 1 jp'am 
Anilin water 80 c.o. 
Alcohol, 95 per cent 20 c.c. 

The stain works well with thin sections. It is also widely used 
in the study of bacteria. For differentiation, Gram's method is used. 

I Gram' g »olution: 
Iodine 1 gram 
Iodide of potassium 2 grams 
Water 300 c.c. 
After staining, the sections are placed in this solution until they 
are black (2 to 3 minutes) and are then decolorisied in absolute alcohol 
until they appear gray. See also recent 73. 

49. Gold Chloride.— The gold-chloride method is used chiefly 
in the study of nerve-fiber terminations, both motor and sensory, 
although it is sometimes used for the coloration of other tissue ele- 
ments (capsules of cartilage, etc.). The process is really an impr^;na- 
tion; through the agency of sunlight and of certain regents (acetic, 
citric, formic, or oxalic acid) the gold is deposited in the tissues in the 
form of very fine particles. There are numerous modifications of the 

■Kmethod, one of which is given in chap. ix. 
B 50. Golgi's Chrome-Silver Method. — See chap, ix, p. 71. 
* Hematoiylin.— For general statement see chap, ii, p. 20, and the 
remarks under 12, p. 9. 

51. Hematoxylin, Conklio's Picro. — 

^^k DelaGeid's henmtoxylin 1 part 

^H Water 4 parts 
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Add one drop of KleiiieJiberg'B picro-suJphuric (26) to 
cubic centimeter of the solution. This is a good stain (1 to 3 hours) 
for embryos which are to be mounted entire. If the embryos are to 
be sectioned they should be stained for 12 hours. 

52. Hematoxylin, Delafield's. — See reagent 12, p. 9. 

53. Hematoxylin, Ebrlich's Acid.— 



Hematoxylin 2 grams 

Absolute alcohol 100 c.c. 

Glacial acetic acid 10 c.c. 

Glycerin 100 c.c. 

Distilled water 100 c.c. 

Potassium alum 10 grams 



Dissolve the hematoxylin in the acetic acid with 25 c.c. of the 
alcohol; then add the glycerin and the remaining alcohol. Dissolve 
the alum in the water by the aid of heat and slowly pour th©*wann 
solution while stirring into the solution of hematoxylin. The 
solution must be exposed to light and air at least 3 weeks to ripen. 
It is not ready for use until it acquires a deep red color. This solit 
tion is an excellent nuclear stain and will keep for years. 

Mann's add kemaicin is the same as this, except that hemal 
(GrQbler's) is substituted for the hcmatoxyhn. This solution sht 
stain without having to ripen. 

54. Hematoxylin, Heidenhain's Iron-.^-See reagent 17, p. 
for formula; p. 51 for method; chap, xvii for cj'tological 
This stain is much used in the study of cell structures such as centro- 
somes, chromosomes, etc. Tissues are best fixed in Bouin's, in some 
of the sublimate solutions, or in acetic alcohol, although it will follow 
liquid of Flemmijig or Hermann. Sections should not be over 
microns thick. The ferric solution must be renewed occasional! 
es it soon spoils. 

55. Hematoxylin, Mallory's Phosphotimgstic Acid. — 

Hematein ammonium 0.1 gram 

Water 100 c.c. 

Phosphotjjjjfeic acid crj-stalfl (Merck) 2 grams 

Dissolve the hematein by heating it in a little water. When 
cool add it to the rest of the mixture. If the stain b too weak at 
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first, it may be ripened by adding 5 c.c. of a 0.25 per cent aqueous 
solution of pernianganate of potassium or by allon'ing it to stand 
two or three weeks. Hematoxylin may be used instead of hematein 
ammonium if 10 c.c. of the potassium-permanganate solution is 
added to ripen it. 

The stain is recommended for the demonstration of neuroglia, 
myoglia, and fibroglia fibrils, for fibrin, and for centrosomes and 
spindles of mitotic figures. 

Janus Green. — See pp. 145, 146. 

56. Light Green (Lichtgriin S.F.). — This is a beautiful cyto- 
plasmic aniUn stain which is frequently used after safranin as a 
counterstain. Not more than 0.5 per cent solution should be UBed 
as it stains very rapidly and very deeply. It may be used either as an 
aqueous or as an alcoholic solution. The writer has found a 0.5 per 
cent solution in 95 per cent alcohol very satisfactory. Sections 
should remain in it only a few seconds. Do not confuse it with 
methyl green, which is sometimes called light green by dealers. 

57. Lugol's Solution.^A solution of iodine in water containing 
iodide of potassium. It is used in various strengths. One of the 
commonest formulae is that of Gram (p. 225), although some prefer 
a solution with only one-third the amount of water used by him. 

58. Lyons Blue (Bleu de Lyon}.^Thi8 is one of the best of the 
numerous anilin blues. It is a good contrast stain when used after 
such nuclear stains as safranin and carmine. See reagent 15, p. 10; 
also p. 50. 

Magenta, Acid.— See 45. 

MaJlory's Triple ConnectLve-Tissue Stain.— See 31. 

59. Methylen Blue.— This reagent is an extremely useful one; 
it is of great value in the study of the nervous system, and it can be 
made to give results with intercellular cement substance, lymph 
spaces,' etc., as satisfactory and with greater certainty than impreg- 
nations obtained with gold chloride or silver nitrate. It is also 
serviceable as an intra-vitam stain. Furthermore, methylen blue 
(saturated solution in 70 per cent alcohol) followed by eosin is some- 
times used for the double staining of blood corpuscles. Methylen 
blue should not lie confounded with methyl blue. 



Ordinary commercial methylen blue usually contains, in addi- 
tion to the blue dye, a email quantity of a reddish-violet dye. Such 
methylen blue is termed polychro?natic and is especially serviceable 
in staining certain cell granules. Only the pure methylen blue, 
however, should be uued for nerve staining and other irUra-i'itam 
work. 

a) "Intra-Vitam" Stain for Small, Comparatively Transparent 
Aquatic Organisms. — Add sufficient methylen blue to the water 
containing the organisiuB to tinge it a light blue. Different tissues 
will tiike up the color after different intervals of time. A given 
tissue after having attained a maximum degree of coloration will 
rapidly lose its color again. It is necessarj-, therefore, to watch 
the organisms closely for the maximum of color in the tissue desired. 
If the observer wishes, the stain may be fixed for more prolonged 
study by following the processes indicated under (6). The order in 
which various tissues take the stain seems to varj- in different organ- 
isms. Usually gland cells stain first, then with more or less deviation, 
other epithelial cells, fat cells, blood and lymph cells, elastic fibers, 
smooth muscle, and striated muscle, Nerve cells and nerve fibers 
do not ordinarily take the stain when the entire animal is immersed. 

6) Ehrlich's Method for Nerve-Terminations and the ReUtions 
of Nerve Cells and Fibers to the Central Nervous System.— -The 
stain should be GrQbler'a methylen blue {rectificiert nack EhrltA). 
A 1 per cent solution in normal saline is used. Warm the solution 
till it steams, stir it thoroughly, and, when cool, filter. The tianu 
must be perfectly fresh. Chloroform the animal and immediatd^ 
inject the stain into the main artery of the part to he investigated. K 
the animal is small, the entire body may be injected. The veeBeb 
should be filled full, but care must be taken not to rupture them. Tha 
part should become decidedly blue in color. It is well after 10 or 
15 minutes to inject more stain. At the expiration of half an hour 
after the second injection remove small pieces of tissue containing 
the nerve elements desired, and expose them freely to the air on a slide 
wet with normal saline. Examine everj- two minutes tmder tin 
microscope (without cover-glass) until the particular element to be 
investigated (cell, axone, termination) has developed a well-marked 
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*l)hie color. It is important to catch the color at the proper stage 
and 6x it because it soon begins to fade. 

Fixing the Stain,— When the desired element ha» developed a 
satisfacton,- blue color, the tissue is transferred immediateiy to a 
saturated aqueous solution of Ammoniitm picrate (Df^iel's method) 
and left for from 6 to 2-1 hours. For final moiinting the tissue should 
be teased out sufficiently to show the proper elements and then 
mounted in a few drops of a mixture of piore glycerin (free from acid) 
and ammonium picrate (saturated aqueous solution), equal parts. It 
is well to let the tissue stand in 20 to 30 volumes of this glycerm- 
picrate mixture for a day or two before mounting it. If the prepara- 
tion is to be kept the cover-glass should be sealed (p. 95), 

Sections.— If it is desired to make paraffin sections and motint 
them in balsam, after treatment with the ammonium picrate (10 
to 15 minutes), the tissue must be placed into 20 or 30 volumes of 
Betbe's fluid, which renders the color insoluble in alcohol. 

Bethe's fluid: 

LMolybdate of ammonia 1 gram 
Chromic acid, 2 per cent aqueous solution 10 c.c. 
Hydrochloric acid, concentrated C.P 1 drop 
Distilled water 10 c.c. 
The tissue is left in this mixture for from 45 to 60 minutes (for 
.U objects) and then washed 1 to 2 hours in distilled water. 
Dehydrate dii-ectly in absolute alcohol; follow this with xylol, 
imbed in paraffin, and section in the ordinary manner. Sections 
maj' be countert*tained in alum-carmine or alum-eochineal. 

c) Immersion Method. — ^Material which cannot be readily 
injected or which has failed to stain may T>e stained by immersion. 
A 0- 1 per cent solution of the stain is used (dilute 1 volume of the 
solution used for injection with 9 volumes of normal sahne). To 
small pieces (2 to 3 mm. thick) of the tissue add a few drops of the 
a at intervals of aliout thn?e miimtes. The tissue should always 
t moiflt, but never covered sufficiently by the solution to exclude air. 
mine the preparation from time lo time under the microscope and 
1 the nerve elements are well stained, fix in ammonium picrate , 
1 proceed as in (6). In case of the central nervous system, fairly 
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tissue is the staiii not loiter than 10 minutes. To get a n^ative 
im^e of lymph spaces, canals, etc., in contrast to the ground sub- 
stance which becomes deeply impregnated, leave the tissue in the 
stain 20 to 30 minutes. For this purpose it is advisable to remove any 
membranous covering which invests the oi^an. In either case, after 
staining, fix the tissue for 30 to 40 minutes in a saturated aqueous 
solution of ammonium picrate, changing it once or twice, and exam- 
ine in dilute glycerin. To preserve the preparation permanently, 
proceed as in (b). To do away with the macerating action of the 
ammonium picrate, add 2 per cent of a 1 per cent osmic-acid solu- 
tion to the fixing bath. 

60. Methyl Green.— This is one of the best of the nuclear anilin 
stains. It is particularly valuable because it often instantly stains 
the chromatin of nuclei in fresh tissues. Use in strong aqueous 
solutions, acidulated to about 1 per cent with acetic acid. It does 
not give a satisfactory chromatin stain if the tissue has been fixed 
in acetic acid or mixtures containing it. It follows pure corrosive- 
sublimate solution admirably. 

61. Methyl Violet. — This stain is commonly used in 0.5 to 2 per 
cent aqueous solutions for staining bact«ria, nuclei, and amyloid. It 
may often be substituted for gentian violet. 

62. Muci-Canntne (Mayer),— 



Carm 



l.Og: 



Aluminium chloride 0.5 gram 

Distilled water 2 c.c. 

Alcohol, 50 per cent 100 c.c. 

Mix in the order given ; heat gently till the fluid darkens (about 
2 minutes) ; filter after 24 hours. To use, dilute with 5 to 10 volumes 
of water. The stain (3 to 10 minutes) is specific for mucus-containing 
cells. 

63. Muci-Hematein (Mayer).— 

Hematein 0.2 gram 

Glycerin 40 c.c. 

Aluminium chloride 0.1 gram 

DistiUed water 60 c,c. 
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Rub up the heniatein in a mortar with the glycerin and the^^^| 
minium chloride, then add the water. It etains in from 3 to 10 I 
minutes, mucin appearing blue. If a drop or two of nitric acid is 
added, its nuclear staining capacity is enhanced. 

64. Neutral Red.— Neutral red is used widely ae an intra-t-Uam 
stain. It is a good stain for cytoplasmic granules, and in some 
cases for uiuous-cells. For mlra-vitam staining it may be used in the 
same way as methylen blue (with the omission of fixation). For 
staining fixed material, a 1 per cent or stronger aqueous solution ia 
employed. Granules are stained orange red (bright red in acid 
medium, yellow in alkaline medium). Rosin finds that in nerve 
cells stained in neutral red (followed by water, acid-free alcohols, 
xylol, and balsam) nucleoli and Nissl's granules are stained red, the 
rest of the cell yellow. 

65. Orange G. — This is an excellent cytoplasmic stain and is 
often used on sections as a contrast to carmine, hematoxylin, and 
safranin. It is especially good as a counterstain in tissues of verte- 
brate embr>-0B. Griibier's orange G ia the most reliable. It should 
be used in saturatetl aqueous solution. The solution does not keep 
very well. 

66. Orcein (Unna's method for elastic fibers). — ^^^ 

Orcein (GrUbler's) 1 gram ^^^| 

Hydrochloric acid . . 1 c.c. ^^^H 

Absolute alcohol ... 100 c.c. ^^^H 

Sections are stained in a watch-glass or porcelain dish. The T 
dish is warmed over a flame or in an oven until the stain becomes 
thick through the evaporation of the alcohol. Rinse the stained 
sections thoroughly in 70 per cent alcohol, wash in water, run up 
throi^h the alcohols, clear in xylol, and mount in balsam. EUsUc 
fibers should appear dark brown, connective tissue a pale brown. 
Nuclei may be brought out by staining in Unna's polychrooie 
methylen-blue solution after washing the sections in water. 

67. Paracarmine (Mayer's). — 

Carmjnic acid I - gram 

Aluminium chloride 0.5 gntm 

Calcium chloride , 4 . C 

Alcohol, 70 per cent 100 
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Paracarmine is an excellent Btain for large objecte. It does not 
overstain orciiiiarily. The stained tissue is washed in 70 per cent 
alcohol. In case overataining occurs add 2.5 per cent glacial acetic 
acid or 0.5 per cent aluminium chloride to the alcohol used for 
washing. Objects to be stfiined should not have an alkaline reaction 
nor contam limy materialB. 

68. Picric Acid. — ^Picric acid is widely used as a contrast stain 
with carmine, hematoxylin, etc. It is best manipulated as a stain 
by adding a little to each of the alcohols used in dehydrating, after 
application of the nuclear stain. However, if acid alcohol is to be 
used, the picric acid should be used only in the grades above the 
acid alcohol. It may be employed in staining entire objects as well 
as sections. See also remarks on washing under 22. 

69, Picro-Carmine. — 



I 



Ammonium hydrate 5 c.c. 

Distilled water 60 c.c. 

Carmine 1 gram 

When di^olved add picric acid (saturated 

aqueous solution) 50 c.c. 



Expose to air and light for two days, then filter. A few crystals 
of picric acid should be added to the alcohols used for dehydration 
after staining. 

Picro-Fuchsin. — See 47. 

Pyridine-Silver Method (Hanson's Cajal). — See p. 75. 

70. Pyrogallol. — Tissues which have been fixed in Hermann's 
or in Flemming's fluid for 24 to 36 hours may be treated {without 
previous washing) with a weak solution of pyrogallol or with crude 
pyroligneous acid. Lee (Microtomist's Vade-Mecum) recommends 
the pyrt^allol as much preferable. Tissues should remain in the 
fluid from 1 to 24 hours, depending upon size. The result is a 
black stain which colors both nucleus and cytoplasm. If desired, 
an additional chromatin stain may be employed. Safranin (72) 
for 24 hours is recommended; decolorize slightly with very dilute 
acid alcohol. The stain is excellent for cytol epical work (for 
"sphere," etc.). 
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71. Resorcin-Fuchsin (Weigert's elastic tissue etain). — 

Basic fuchsin, 1 per cent aqueous solution 100 c.c. 

Resorcin, 2 per cent aqueous solution 100 c.c. 

Heat the mixture in a porcelain dish and while boiliug add 3 
of liquor ferri sesquichlorati; stir and keep boihng for 2 to 5 D 
Cool and filter. Throw away the liquid. Diy the preci[M 
which remains ou the filter-paper thoroughly in a porcelain ( 
over a water or sand bath. Return the dried precipit-ate together 
with the filter-paper to the first porcelain dish, add 200 c.c. of 95 per 
cent alcohol, and boil. Remove the paper when the precipitate is dis- 
solved off. Cool, filter, and replace the alcohol la-it through evapora- 
tion, up to 200 c.c. Add i c.c, of hydrochloric acid. The stain 
works beat after formalin-fixed material. 

Stain the section 20 minutes to an hour in ttus solutioii. Wuh 
in alcohol, dehydrate in absolute alcohol, clear, and mount in balsam. 
Elastic fibers should appear dark blue on a clear background. If 
desired, the sections may also be stained, either before or after the 
staining of the elastic fibers, with one of the carmine or hematoxylin 
stains. 

72. Safranin. — Safraniii is one of the most important of the basic 
anihn dyes. Read carefully the remarks on anilin stains under 30- 

Safranin 1 gram 

Anilin water (see 30) 90 c.c. 

Aloohol, 95 per cent 10 c.c. 

Filter before usii^. GrUbler's "Safranin O" is the most reliable 
dye. Sections of tissue fixed in Hermann's or Flemming's solutioo 
are left in the stains for from 24 to 48 hours. Decolorize as directed 
under 30. 

73. Safranin and Gentian Violet. — 'This is a combination that 
is almost indispensable in the study of cell problems, especially sper- 
matogenesis. For formulae of stains see 48 and 72. Tissues are 
best fixed in Flemming's or Hermann's solutions. Stain thin sections 
for 36 to 48 hours in the safranin; differentiate in alcohol very sligbll}' 
acidulated (see 30), then stain for 5 to 10 minutes in the gentian solu- 
tion and transfer the sections to Gram's sohiUon (see under 48) for 
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1 to 3 hours. Finally differentiate in absolute alcohol. As soon as 
purple clouds have ceased to come from the sections in absolute 
alcohol, they should be transferred to clove oil for a few minutes and 
thence to xylol. The clove oil seems to intensify the safranin in the 
chromatic granules, but too prolonged an immersion in clove oil 
extracts the gentian violet. 

74. Scharlach R.^A saturated solution of the tlye in equal parts 
of 70 per cent alcohol and acetone is used. This is a specific stain 
for fat. For example, cover-slip preparations are fixed in forraahn 
vapor for 5 or 10 minutes, stained 5 minutes in the Scharlach R solu- 
tion, rinsed in 70 per cent alcohol, washed in water, counterstained 
with almn-hematoxylin or methylen blue, washed in water, and 
mounted in glycerin-jelly. Frozen sections of formalin-fixed material 
may be treated in much the same way. 

With any evaporation of the alcohol a precipitate forms, hence 
staining should be done in a tightly closed vessel. After staining 
with alum-hematoxylin, if the sections are put into a 1 per cent 
aqueous solution of acetic acid for 3 minutes, the contrast is sharper. 

75. Silver Nitrate. — The nitrate-of-silver method is used largely 
as an impregnation method for work on nerve tissue and for demon- 
strating intercellular substances and outlining boundaries of cells in 
the epithelial coverings of membranes, etc. Wash the fresh tissue 
in distilled water, then place it for 2 to 5 minutes in 0.5 to 1 per cent 
aqueous solution of silver nitrate. Rinse in distilled water, then 
expose the tissue to bright sunlight in water or glycerin (or in 70 per 
cent alcohol, if it be mounted in balsam) until a brown coloration 
appears. Temporary mounts should be made in glycerin. For 
applications see pp. 71-74. 

76. Sudan HI.— This is a specific stain for fat. See remarks on 
p. 147. A saturated alcohohc solution is used (5 to 10 minutes). 
Wash rapidly in alcohol. Since alcohol is a solvent of fat, too long an 
Inuuersion will destroy the preparation. Moimt in glycerin or 
glycerin-jelly. The tissue should have been fixed previously in 
Mailer's fluid (9) or other medium which does not dissolve fat. 

,, 77- Thionin, — This is an excellent stain for chromosomes when 
used in saturated aqueous solution for about 5 minutes. After 



corrosive-sublimate fixation it is, when used dilute for 10 1 
minutes, a specific stain for mucin (mucin red, everj-thii^ else bruejT 
Van Giesen's Stain.^Soe 47. 

78. Weigert-Pal Stain for Medullated Herve Fibers.— 
SoliUion I: 

Hematoxylin 1 gram 

Absolute aicohol 10 c.c. 

Distilled water 90 c.c. 

Lithium carbonate (1 part of a saturated 

aqueous solution to 80 of distilled water) 1 c.c. 
Solulioii I J: 

Potassium jiermanganiite 25 gram 

Diatiiled water 100 c.t. 



Solution III; mix just prior to using: 

Oxalic acid, 1 per cent aqueous solution . . . 

Fotassium sulphate, 1 per cent aqueous 

solution 



50 



TisHUes should have been fixed in Miiller'e fluid or in 10 per cent 
formalin, hardened in alcohol, and sectioned. Stain sections until 
black (6 to 24 hours) in solution I, Wash well in water to which a 
few drops of Utbiura carbonate have been added. Transfer to 
solution II and leave until the gray matter of the nervouB tissue 
becomes brown (J to 2 minutes). Rinse in water and decoioriie in 
solution III until the gray matter of the tissue becomes a light 
brown and the white matter a steel blue (\ to 1 nmmte). Each 
section must be carefully watched to get a satisfactory result, 
Wash in running water or in several changes of water, dehydrate, 
clear, and mount in balsam. If desired, a counterstain of alum- 
cochineal may be given before the final dehj-dration. 

79. Wright's Stain (for blood and for the malarial parasite). 
See memoranda 5 and 6, pp. 110-111, 



twj— I 



m. NORMAL OR INDIFFERENT FLUIDS 

(For Fresh Tissues) 

80. Aqueous Humor. — Obtained by puncturing the cornea of a 

freshly excised beef's eye. A small amount may readily be obtained 

by means of a capillary pipette from the ^e of a freshly killed frog. 
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Amniotic fluid from pig or cow fetusee is a serviceable fluid for the 
examination of fresh tissues. 

81. Blood Serum. — Blood is allowed to clot and after 24 hours 
the serum is poured off. If necessary it may be further freed of 
blood cells by means of a centrifuge. The scrum will keep for only a 
day or two. Schvltze's iodized serum made bj' saturating blood serum 
with iodine is sometunes classed as an indifferent fluid, but it is really 
a dissociating fluid. 

82. Locke's Solution.— See p. 137. 

183. Honnal Saline- 
Sodium chloride 0.7 to 0.9 gram 
Distilled water 100 c.o. 
84. Ringer's Solution.—' 
Sodium chloride 80 pari 
Calcium chloride (anhydrous) 0.02 part 
Potassium chloride 0.02 part 
Sodium bicarbonate 0.02 part 
Distilled water 100 parts 
Dextrose (may be left out) 0. 10 part 
The following formula is probably better adjusted to tis8ue« of 
warm-blooded animals: 

Sodium chloride . 900 purl 

Calcium chloride (anliydrous) 0.024 part 

» Potassium chloride 0.042 part 
Potaseium bicarbonate 0.020 part 
Distilled wat«r 100 parts 

Ringer'e solution corresponds more nearly to normal blood serum 
than does normal ealine and is therefore less likely to produce dis- 
tortions in tissue elements. 



IV. DISSOCIATING FLUIDS 

85. Bichromate of Potas^um. — A 0.2 per cent at|ueouH solution 
is commonly used. Nerve cells of the spinal cord and also various 
epithehadissociate well in it (2 to 3 days). 

86. Caustic Potash.^A solution of 35 part* in 100 partA of wat«r 
is often used for isolating fillers of smooth muscle or heart fibem. 



It acts by rapidly destroying the connective tissue (20 to 30 minutesj. 
Examination of the tissue is made by moimting it in the dissociating 
fluid. If water is added, the tissue will be destroyed. Usually only 
temporary preparations are made in this fluid, but tissues may be 
made permanent by neutralizing the alkali by means of acetic acid. J 
Digestion Method.— See pp. 79, 268. 
t 87. Gage's Formaldehyde Dissociator. — 

, Formalin 0.5 c.c. 

Normal saline solution 250 c.c. 

Good for epithelia and for nerve cells. 

88- Hertwig's Macerating Fluid.— See p. 78. 

89. MacCallum's Macerating Fluid.- — 
Nitric acid 1 part 

' Glycerin 2 parts 

Water 2 parta 

This fluid is recommended for heart muscle of adults or embryos. 
Hearts should remain in it from 8 hours to 3 days, according to size. 
The method is valuable for showing the arrangement of cardiac 
muscle fibers. 

90. Ranvier's One-Third Alcohol. — -This ia one of the common- 
est as well as one of the best macerating fluids. It is simply a 30 
per cent alcohol. Epithelia will macerate in it sufficiently in 24 hours. 
A still weaker alcohol (20 to 25 per cent) is used for isolating the 
nerve fibers of the retina. 

91. Sodium Chloride. — A 10 per cent solution of sodium chloride 
is excellent for tendon, etc. It dissolves the cement substance of 
epithelial cells and of connective tissue. As a stain, a saturated 
aqueous solution of picric acid (stain for 24 to 36 hours) followed, 
after thorough washii^ in water, by a dilute alcoholic solution of 
acid fuchsin gives excellent results. ^H 

V. DECALCIFYING FLUIDS ^| 

Tissues are fixed in Zenker's or other fluid, thoroughly washed, and 
hardened for at least 24 hoiU3 in alcohol before decalcification. 

92. Chromic Acid. — Chromic acid diluted to 1 per cent or in com- 
bination with other fluids is frequently used for decalcification. 
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Chromic acid, 1 gram; water, 200 c.c; nitric acid, 2 c.c, is a mixture 
widely used. It decalcifies well but acts more slowly than the 10 
per cent nitric-acid mixture. Bone should first be hardened in 
MiiUer's fluid (9). 

93. Nitric Acid. — A 10 per cent solution of nictric acid in 70 
per cent alcohol may be used. If nitric acid is used for young or fetal 
bones, it ia advisable to use only 1 part of the acid to 99 parts of the 
alcohol. After washing out in 70 per cent alcohol, the decalcified bone 
may be kept in 95 per cent alcohol. 

94. Pbloroglucin Method. — This is a rapid method. Young 
bones may be decalcified in half an hour and old and hard ones in a 
few hoiu^. Teeth require a somewhat longer time. Pbloroglucin 
itself does not decalcify, but protects the tissue from the action of the 
strong nitric acid. One gram of pbloroglucin is dissolved in 10 c.c. 
of pure non-fuming nitric acid with the aid of gentle heat. Ten c.c. 
of nitric acid in 100 c.c. of water is added to the mixture. Wash 
thoroi^hly and stain in Delafield's hematoxylin. After staining 
leave sections in tap water for 12 hours. 

95. Picric Acid. — A solution kept fully saturated is useful for 
dehcate bones. It stains and decalcifies the tissue at the same time. 

(Vash in 70 per cent alcohol. 
96. Von Ebner's Fluid.— 
Alcohol, 95 per cent 500 c.c. 
Water 100 c.c. 
Sodium chloride 2.5 grama 
Hydrochloric acid 5.6 C.c. 

This is an excellent fluid for bone because in it the ground sub- 
stance of the bone does not swell up. Sections are best examined 
_JD a 10 per cent solution of sodium chloride. 
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APPENDIX D 

PREPARATION OF MICROSCOPICAL MATERIAL FOR A 
GENERAL COURSE IN ZOOLOGY 



<In addili 



1 ir, rlinp. X, and 



PROTOZOA 

) Cultures. — Amebae, etc., may usually be obtained in Cjuanti- 
tiee sufficient for class use by the following method recommended 
by H. S, Jennings (Journal of Applied Microscopy, VI, No. 7, p. M06). 

A number of glass dishes measuring 8 or 9 inches in diameter by 
3 inches deep are crowded full of water plants (especially Cerato- 
phyllum and Elodea), filled with water, and the plants allowed to 
decay. Keep the dishes in warm, light places, in two or three 
weeks the layers of plants at the surface of the water will be covered 
n'ith a brown sUmc which should be examined occasionally under 
the microecope for the desired forms. The scimi that appears on the 
surface of the water consists mainly of bacteria upon which amebae 
largely feed. They will be found most frequently in the slime that 
immediately surrounds the plant tissue. Since they frequently last 
only two or three days in a culture, to insure material for class work, 
a number of cultxu-es must be made at different dates and from 
different locaUties, Other protozoa such as Arcella, Diffiugia, 
Carckesium, Stentor, etc., will also be found in the cultures. 

As soon as the amebae appear in such cultures, several days 
before they are desired for use. Smith (American Naturalist, XXXIX 
(1905], 467) akims off the brown scum ami puts it in small bacteria 
dishes (4X 1 J inches) with enough water to fill the dish about 1 inch 
deep. He adds a little of the tiecaying vegetable matter from near 
the surface of the original culture, covers the dishes and keeps them 
in a vxirm place but out of direct sunlight. In this way numerous 
large active specimens may often be obtained- 
25S 
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Pieces of frog or mussel alloweti to decay for about 10 days in pond 
water will usually afford an abundance of a small species of ameba. 

Barker keeps amebae and paramecia from dying out by adding 
a sheet of fish food whenever the culture begins to be depleted. 
For a pure culture method see Kofoid, Transactions of the Ameriean 
Microscopical Society, XXXIV, No. 4 (October, 1915). 

Chilomonaa and Infusoria usually appear in. a few days in cuIturpB 
of homwort and partly decayed water-lily leaves packed in bacteria 
dishes as for amebae, but with proportionately more water. 

Paramecium may be kept from dying out by keeping bits of 
stale bread in cultures. A culture of pond wat#r and bread will 
usually develop large numbers of paramecia in from a week to ten 
days. See also last paragraph under Euglena. 

Euglena will be found in some of the cultures, but usually not 
in any quantities before the end of four or five weeks. They appear 
along the side of the disli toward the light. Stephenson finde that a 
few grams of pulverized rice covered with pond water provides 
an abundance of Euglena in from ten days to two weeks. 

Turner boils 20 grams of dry quince seed for half an hour in ij 
liters of distilled water, then passes the thick exudate which is given 
off, together with the water, through a wire sieve (Eimer and 
Amend, No, 80). He then makes up the volume to 2j hters with 
distilled water, sterilizes it and places it in a sttippered bottle. 
The medium will keep for months. Cultures made by inoculating 
tubes or flasks of the medium with Euglena will keep for a year, 
and specimens can be obtained in considerable numbers at any 
time after four weeks. Cultures will keep longer in a thicker 
medium but will not reproduce rapidly. 

Standard masses for use in experimental work may be prepared 
by evaporating the exudate to drjTiess and making up solution) 
with distilled water. A 0.2 per cent solution of the dried exudate ■ 
seems to furnish the optimum density. Mold frequently invades 
the cultures, but will not grow in a density of 0.2 per cent or less- 
Mold growths are less likely to occur in cultures which have beai 
rendered slightly alkaline. Cultuies should be kept at room tempem- 
ture and in a moderately lighted place. 



tf 



mjL 



Preparation of Microscopical Material 



261 



Paramecia and other infusoria will live and reproduce for about 
two months in the medium, feeding upon Euglena and bacteria. 

Caichesiutn and Vorticella are frequently found on decaying 
duckweetl (Lemna) and homwort (Ceratopkyllum). To secure a 
culture, have a more plentiful supply of water than for amebae. 
Professor Walton tells me that he always finds a supply of Ejnslylis 
OD the shells of fresh-water snails. 

Didinium, a form which feeds largely ou paramecia, is highly 
recommended by Mast (Science, December 20, 1912, p. 871) as 
of great value in biological study. It is easy to obtain (in para- 
mecia cultures), shows the phenomena of fission and encyatment 
with particular clearness, and has a remarkable method of feeding. 
Didinia can be kept indefinitely in the encysted state, and when 
wanted for study will appear within 24 hours to a few days in active 
form if introduced into a vigorous culture of paramecia. 

Opalina may be obtained readily bj' killing a frc^ with chloro- 
form and slitting open the large intestine. Examine scrapings of 
the epithelial wall in normal saline (reagent 83, Appendix B). 

Sporozoa.— Gregarina may be found in the alimentary canal of 
the meal worm or the cockroach and Monoeystis in the male repro- 
ductive organs of the earthworm. They are best studied in normal 
saline. If it is desired to stain and mount specimens, they may be 
fixed in corrosive-acetic (reagent 15, Appendix B) for 5 minutes, 
washed thoroughly in 35 per cent alcohol, to which a little tincture of 
iodine has been added, and stained with Ehrlich's triple stain (reagent 
42), or hematoxylin and acid fuchsin (reagents 52 and 45). 

Herpetomonas may be obtained fiom the intestine of the fly 
and of t!ie «c[uanh Ijug, and Trypanosoma from the blood of the rat. 

Vol vox.— I 'oicox globator, the form commonly described in 
textbooks, is foimd in the early spring, often in great abundance, 
in small jiermanent pools which contain duckweed and Riccia. A 
smaller and less tiesirable form, Vohox aureus, may lie found later 
in the spring and throughout the summer in the same pools. When 
water from such pools, tf^ether with a small amount of the water 
plants, is placed in bacteria dishes, so arranged that one side is 
strongly exposed to light, the volvox present will collect aft«r a few 



hours at the edge of the water on the lighted sido of the di 
the eontents of the vessels which contain volvox are kept m as 
near the natural condition of the pond as possible, the organisms 
may be kept alive for some weeks in the laborator>'. Tap water is 
injurious to them. Avoid having too much decaying material in the 
water, although some is essential. Keep in glass-covered dishes 
near windows (out of direct sunlight) in as cool a place as possible. 
Any considerable rise in temperature beyond that of the original 
pond will result in their death. Small Crustacea feed upon volvox 
and will, if present in any considerable numbers, soon exterminafe 
them. The sexual stages are more likely to be found in the ooze 
at the bottom of cultures. 

Because of the uncertainty of obtaining living volvox at any 
stated time, it is well to have an abundance of the material preserved 
in 5 per cent formalin. Such preserved specimens show the flagella 
more distmctly than do living ones. See Smith. The American 
Naturalist, XLI, No. 481 (1907), p. 31. 

b) Quieting infusoria. — 1. Let sufficient water evaporate from 
under the cover to permit the latter to press lightly upx)n the animals. 
Guard against too great evaporation of water or the infusoria will 
be crushed. 

2. Entanglement in fit>ers of cotton, etc, sometimes proves 
efficacious. 

3. A small amount of gelatin, or, better, cherry-tree gum, dis- 
solved in water makes a viscous mass which is often useful in 
retarding their motions. A bit of white of egg may be used in the 
same way. 

4. Animals may be narcotized by means of a small drop of verj' 
dilute alcohol (preferably methyl alcohol) or chloretone (about one 
drop of a 1 per cent solution to 10 drops of water). (Chloretone ia 
manufactured by Parke, Davis A Co., of Detroit, Mich. For its 
use as an anaesthetic in biol(^ical work see Journal of AppHtd 
Microscopy, V, 2051.) 

(•) Feeding. — Place finely pulverized carmine or indigo under 
the cover-glass. The colored powder rapidly accimiulates in the 
food vacuoles. In such a preparation the action of the cilia of 
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infusoria is also indicated by the rapid movement of the particles 
in the vicinity of the animal. See also memorandum 4, p. 110, 

(f) Staining.—FoT intra-vitam staining see reagents 59fl, 32, and 
64, Appendix B. 

To see cilia of infusoria treat the animal with verv dilute iodine 
solution or a drop of a dilute solution of tannin. 

To see the macronucleus and the micronucleus use a drop of a 2 per 
cent solution of acetic acid, or, better, methyl green (rei^ent 60, 
Appendix B). 

e) Permanent mounted preparations. — Benedict's method is as 
follows: 

"Smear a glass slide with albumen fixative, as in preparing for the 
mounting of paraflan sections. Then place on the surface of the film 
of fixative a drop or two of water containing the form which it ia 
desired to stain. Let nearly all the water evaporate by exposure to 
the air of the room until only the film of fixative remains moist. 
The slide can now be immersed in Gilson or any other fixing reagent, 
and then passed through the alcohols, stains, etc., in the same way 
that mounted sections are handled. 

"I have had no difficulty in getting preparations of Paramecium 
by this method, with very little distortion of the body and any 
kind of staining desired. By this method students can prepare 
in ten minutes very satisfaetorj- preparations of protozoa for 
demonstration of nuclei, etc." — Journal of Applied Microscopy, 
VI, 2647. 

For fixation of protoaoa Calkins (Journal of Experimental 
Zoology, I, No. 3, 1904) uses saturated aqueous solution of corrosive 
sublimate to which 10 per cent of glacial acetic acid is added. See 
also reagent 20 (forraol subhmate), p. 214. Barker fixes, washes, 
stains, destains, deliydrates, clears, and mixes protozoa with balsam, 
all in homeopathic vials. After each operation material is allowed 
to settle well. Reagents are pipetted off. 

Plankton, in general, are well fixed if passed directly into fresh 
Zenker's fluid to which a few dro|»i of 1 per cent solution of oamic 
acid have been added. Under such treatment ciiiates remain 
expanded. 
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SPONGES 

To isolate the spiculee of calpareoufi sponges, boil a bit of the 
sponge in 5 per cent solution of caustic potash for a few minutes. 

Fairly thick transverse, longitudinal, and tangential sections of 
Grantia showing spicules in the tissues are useful. Make tliese with 
an old razor or sharp scalpel. To hold the object while sectioning, 
place it between two pieces of pith or cork. For a careful study of 
the relations of the two systems of canals in the body wall, thinner 
sections are necessary. To prepare these it is best to decalcify (2 per 
cent chromic acid, 24 to 36 hours) the sponge and cut celloidin or 
paratRn sections on the microtome, although fairly good sections may 
be made by hand. They should be dehydrated and mounted in 
balsam if permanent preparations are desired; if not, thej- may be 
examined in glycerin. 

To color the collar cells use an aqueous solution of anilin blue. 

Spicules of inliceouB sponges are isolated by treating bits of the 
sponge with strong nitric acid or a mixture of nitric and hydrochloric 
acid. 

COELEHTERATES 

Hydra should he soiight for in spring-fed pools. In the autumn 
they are found most frt^quently on smooth dead leaves which are 
completely submerged. Material should be collected and placed 
in battery jars or larger glass jars, which are then filled with fresh, 
clear water, and placed in a fairly light place, but not too near a 
window. Put a small amount of homwort or Chara in each jar. 
In a few hours (12 to 36) the hydra will be found attached to the sides 
of the vessel and to the plants. They may readily be kept in ti» 
laboratory throughout the winter if glass plates are placed over tb 
jars to prevent excessive evaporation and the temperature is Q0( 
allowed to go below freezing. Fresh water should be added from tiiDB 
to time to make up for evaporation. In case their supply of food 
{Cyclops, Daphnia, and other smalt Crustacea) is exhausted it shodd 
be renewed by skimming out from other aquaria the small fomu 
upon which the animal feeds and putting them in the hydra jars. 

Keeping hydra in the dark at somewhat lower temperature for 
several days favors the formation of spermaries and ovaries. 
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^H For stsiniiig and mounting entire see p. 95. KID in the same way 
^V f or sectioning. The most instructive sections are (1) traneverse 
^B sections, (2) longitudinal sei^tions through the mouth and a bud, and 
■^ (3) sections showing the sexual oi^ans. Stain in bulk with hema- 
toxylin (reagent 52, Appendix B) , imbed in paraffin, using the method 
for delicate objects (p. 53), and after the paraffin has been removed 

ffrom the sections, stain them for a few seconds in acid fuchsin. , 
Dehydrate and mount in the usual way. I 

The sections are much more satisfactory if the hydra have been . 1 
placed in small slender dishes filled with filtered water (not dis- 
tilled) and kept from food for a week or ten days before killing;. This 
eliminates the metabolic products and oil globules which ordinarily 

I obscure the details of structure. 
To Stain the Netnatocysts of Living Hydra, place several of the | 
animals in a small stender dish of water which has been tinted a 
(ty blue through the aiidition of methylen-blue solution made up 
IM follows : 
Methylen blue . 1.0 gram 
Castile soap 0.5 gram \ 

( Water 300 c.c, 

After two hoiu^ the hydra may be transferred to fresh water; the 
nematocyst cells are stained a deep blue. (Method of Little, Journal 
oj Applied Microscopy. VI, 2216.) 

To Discharge Nematocysts drum on the cover-glass gently with a 
pencil. By using a very small openii^ to the diaph^^;m they are 

I usually sufficiently tiistinct without staining. 
For Other Polypoid Forms the methods given for hydra wUl 
answer in most cases. 
For Collecting Free-Swimming Medusoid Forms full directions 
will be found in Brook's Inrertebrak Zoology. 
Compound Hydrozoa should be placed alive into the ('ells which 
they are to occupy when mounted; 1 per cent formic acid is then J 
added drop by drop to the sea water. After the animals have been J 
killed, the fluid is replaced by glycerin-jelly and the cover-glass is put 1 
in place. Another method is to kill the animals slowly by adding tM 



few frj-staJs of chloral hydrate from time to time to the small 
vesBeJ of sea water containing them. 

Small Jelljrfish may be fixed and hardened in 1 per cent osmic 
Ewid and, stained or unstained, mounted in cells. 

Anemoaes, Medusae, and other dehcate marine forms may 
usuaUy be killed in the expanded condition by means of m^^iesiutu 
sulphate. Success lies in securing a quick diffusion of a quantity of 
the sulphate through the water without causing mechanical disturb- 
ance of the animal to be anaesthetized. Griffin accomplishes this by 
tying a considerable quantity of the magnesium sulphate in a piece 
of cheesecloth and hanging it over the dish of sea water containing 
the animals in such a way that the bottom of the bag barely dips into 
the water. Mayer's method of anaesthetizing medusae by carbon 
dioxide is also often appUeable to other sensitive contractile forms. 



PLANASU 

Look for plnnarians on the under sides of stones in small streams 
of running water. They are usually examined alive. To see them 
thrust out the proboscis, keep them from food for a few days and 
then feed them on dead flies. Planaria which have l)een kept in the 
laboratory for months display the internal organs much more clearly 
than freshly captured ones. 

If it is desired to study stained specimens, for preparation see p. 97. 

To Kill Planaria with Phaiynx Protnided, Cole (Journal of 
Applied Microscopy, VI, 2125) recommends covering them in a watch- 
glass with a 1 per cent aqueous solution of chloretone until they are 
inuno!)ihzed and then rapidly transferring them to 5 iier cent forr 
Other fixing agents than formalin can be used. 

TREMATODES 

The most easUy obtained forms are those found in the lung^, 
intestine, or bladder of frogs. A good form for study is occasionally 
found in the liver of the cat.. Search for it in the bile passages. 
Fix trematodes in corrosive sublimate, wash out with alcohol to 
which tincture of iodine has been added, and stain for 24 hours in 
alum-cochineal (reagent 28, Appendix B) or carmalum (reagent 35). 
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, As with planaria, they should be compresse<l between two glass 
slides (see p. 97). To kill trematodes in a distended condition, 
Barker flattens out eat'h individual on a glass slide or in a watch- 
glass with a camel's hair brush and floods it with the killing agent. 

If the large liver fluke of the sheep (Fasciola hepatica) can be 
obtained, both the alimentary canal and the excretory system may 
be injected with India ink or with finely powdered carmine in 
water. For injection a very fine-pointed cannula with rubber cap 
is used, or the manipulator may operate the cannula by simply 
blowing through it. The excretorj- system is injected through an 
incision made with a sharp-pointed scalpel in the median Une near 
the hinder end of the animal. For the alimentary canal the incision 
Bhould be made about 1 mm. to one side of the median line. When 
the injection is completed, flatten the animal somewhat between two 
slides (see p. 97}, harden in 95 per cent alcohol for 12 to 24 hours, then 
dehydrate, clear, and mount in balsam. 

Larval Stages may frequently be found in the so-called "liver" 
of pond snails. 

U CESTODES 

P Near lai^e cities an unlimited supply of the sheep tapeworm 
(Monieza) can usually be secured from slaughter houses. Ample 
supplies can ordinarily be obtained from dogs, or, less frequently, from 
cats. Tapeworms can be kept alive for a considerable length of time 
in t«pid water. The most instructive portions to mount are Bcolex, 
sexually mature, and terminal pn^lottida. For fixing and staining 
use the same methods as for distomes. La Rue finris that carmine 
stains are better for trematodes and hematoxylins for cestodes. 
The scolex should not be compressed. To kill cestodes in an extended 
condition. Barker wraps the hving worm aromid a glass slide, than 
immerses the slide in the killing reagent. The worm is removed as 
soon as killed. 

To Find Cysticerci, open the body cavity of a rabbit and look for 
large whitish boiUes imbe<lded in the peritoneum or liver (the cysti- 
cercus of T. serrata). Likewise, the cysticercus of T. crassicollis 
may be found in the liver of the mouse. If a cysticercus is found, 
its outer wall should be slit open in order to show the reversed scolex. 
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NEMATODES 

See memorandum 20, p. 136. Nematotles occur frequentJy in 
the intestines of p^s, dogs, cat«, and rabbits. 

Tiichinella. — The simplest way to obtain it is to apply for infected 
pork to the government inspector whose headquarters are to be 

found near all large 

slaughter houses in cities. 
Bits of the uifect«d musclp 
should be teased and 
flattened out in a com- 
pi-essor (Figs. 73 and 74) 
until a favorable area has 
been found, The flattened 
tissue may then be dehydrated and mounted unstained or it may be 
staiued in hematoxylin (reagent 52, Appendix B) . Better results will 
be obtained if the material is fixed for from 4 to 6 hours in Camoy's 
fluid (reagent 2) l»efore dehydrating or staining. If desired, the 
tiseuo may l>e sectioned in celloidin or | 





To Demonstrate Living Trichinellae, Barnes {American Mi 
Microscopical Journal, XIV, 104) subjects small bits of triehii 
muscle to a mixture of 3 grains of pepsin, 2 drams of water, and 2 
minims of hydrochloric acid for about three hours at body tempera- 
ture with occasional shaking. When the flesh and cysts ar» 
c liquid is poured into a narrow glass vessel and alloi 



Bo< 
li 



ire d^H 

1 




Preparation of Microscopical Material 



settle. The live trichinae may be withdrawn with a pipette froml 
the bottom of the fluid and examined fin a warm stage. 

ROTIFERS 

Rotifers will usually be found in abundance in some of the laborar 
tor\" aquaria on the lighted side of the vessel, For ordinary claas 
work they are best studied alive. They are difficult to preserve 
properly. Full directions for killing and preserving will be found 
in Jenning's paper, "Rotatoria of the United States," U.S. Fish 
Commiasion Bulklin (1902), p. 277. 

To Quiet Rotifers, Cole (Journal of Applied Microscopy, VI, 
2179) anaesthetizes them by adding from time to time a drop of 1 per 
cent aqueous solution of chloretone to the water on the slide in whioh 
the animals are being examined. 



BRTOZOA 

They may be treated in the same way as compound hydrozoa. 
Ptumatella may frequently be found in shallow fresh-water streams 
on the under side of flat rocks; Pedirmlella, in rivers and streams 
on the upper surface of mussel shells, etc. 

STARFISH 
Barker's technique for Pedicellaria is as follows: Boil the aboral 
part of a ray from a formalin-preserved starfish in 5 per cent caustic 
Boda for from 3 to 5 minutes. Wash quickly and thoroughly in, 
water, stain in water-soluble eosin, wash in acid (acetic) alcohol, 
dehydrate, and mount. 

EARTHWORMS 
Earthworms are best cutlected on warm, rainy nights when they 
may be found extended on the surface of the ground near their bur- 
Tows. They are moat plentiful in old gardens or rich lawns. A 
lantern and a pail are the only implements necessarj-. Earthworms 
may frequently be found, however, in large numbers on the surface 
of the ground on cloudy days immediately after prolonged hard rain. 
In winter living ones can nearly alwa>-s Ix- found UTider mam 
piles. 
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To Prepare Earthworms for Class Work, secure good-sized 
specimens, wash them in water, and place them in a vessel containii^ 
moist filter-paper. Put only a few worms in each dish and adjust the 
cover so as to admit a little air. After 12 to 24 hours it is well to 
remove any dead or injured specimens and to change the filter-paper. 
The dish should be kept from direct sunlight in a cool place. Aft*r 
two or three days the grit and dirt in the alimentarj- canal will have 
been passed out and its place taken by paper which the worms haw 
eaten. They arc then ready to kill and preserve or section. 

Place the worms in a flat vessel and pour on sufficient water to 
cover them. During the next two hours add a little alcohol from time 
to time until the strength of the liquid is increased to about 8 or 10 
per cent. Then wash all mucus from the body of the worms and 
replace them in 10 per cent alcohol until they no loiter respond ta 
pricking or pinching with forceps. Transfer them to 50 per cent 
alcohol for several hours, keeping them straightened out as much ns 
possible; then to 70 per cent alcohol for 12 hours, followed by 95 per 
cent alcohol for 24 hours. Preserve finally in 70 per cent alcohol 

Chromic- Add Method. — Although requiring considerable more 
work in preparation, specimens hardened in chromic acid are so much 
superior to alcoholic ones for general dissection purposes tiat the 
extra trouble is well worth while. The worms are anaesthetized as 
in the preceding method, but from 10 per cent alcohol they are 
injected with 1 per cent aqueous solution of chromic acid and then 
immersed in it for 4 hours. While working with the chromic acid the 
hands and wrists should be coated with vaseline. 

Keeping the worms extended and subraei^ed in 1 per cent 
chromic acid in a large shallow dish, inject the acid into the body 
cavity slowly, about half an inch liehind the clitellum. and again 
near the posterior end of the body. Avoid piercing the alimentary 
canal. The injection is not complete until the worm is turgid along 
its entire length. The worms must be kept straight and untunatwl 
while in the chromic acid. Remove them at the end of 4 hours (a 
longer time in the acid will make them brittle) and wash thoroughly 
in running water until the yellow color is gone (12 to 16 hours). 
Remove them to 50 per cent alcohol for 2 days, then to 70 pCT 
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ent alcohol for 2 or 3 days, ami finally preserve in fresh 70 per cent 
plcohol. 

For injection a water-pressure apparatus {Fig, 35) is beat. The 
esei'voir A should be placed about 4 feet above the compression 
ihamber B. The cannula should be made of a piece of quarter-inch 
;lass tubing with one end drawn out to a very fine bore and so broken 
is to leave a sharp point and edge for piercing the body wall of the 
rorm. 

For secHoniTig, the preliminary steps arc the same as in the 
Jcohol method, but fnim 10 per cent alcohol the worms should be 
ilaced into Zenker's fluid {reagent 6, Appendix B) for 4 to 6 hours, 
i"or washing, etc., follow the directions given in the discussion of the 
eagent. To facilitate penetration of the fluid, it is well to slit open 
he body cavity of the worm in places that are not to be sectioned. 
The most instructive sections are cross-sections of the middle of 
he body and sagittal sections of the anterior end which include 
he pharynx. The worms may be stainetl in bulk (24 to 36 hours) 
Q borax-carmine (reagent 33) or hematoxylin (rei^ent 52) before 
ectioning. 

Entire nephridia together with a small part of the septum which 
hey traverse should be carefully dissected out, stained in borax- 
armine (reagent 33), dehydrated, cleared, and mounted in balsam. 

An ovary should be removed entire, stained with borax-carmine, 
lehydrated, cleared, and mounted in balsam, 

A testis should be treated in the same way as an ovary. Tease 
t in the balsam before adding the cover-glass. 

To Keep Earthworms Alive in Winter, Jennings (Journal of 
Applied Microscopy, \l, 2412J places them, immediately after 
ollection, into bacteria dishes (9 in. in diameter by 3 in. deep) 
etween folds of muslin which is kept damp but not dripping wet. 
fot more than a dozen worms should be placed in one dish and the 
loth should be changed or washed at least every two weeks. The 
:orni8 may be fed on leaves, etc., from time to time. 

To Immobilize Earthworms for study of circulation of the blood 
nder the microscope or projection lantern, Cole {Journal of Applied 
licroscopy, VI, 2125) places them in a 0.2 per cent aqueous solution 



of chloretone for 3 or 4 minutes. Such worms may be slightly 
compressed betweeu two slides. 

To Examine Corpuscles of the Coelomic Fluid, expose the worms 
for a minute or two to the vapor of chloroform. The coelomic 
fluid exudes through dorsal poree. Touch a cover-glase to lltf 
fluid and mount. 

Tbe Setae Cim Be Isolated by boiliit); a bit of the tissue containing 
them in a solution of caustic potash. ^Vhen isolated, dry them and 
mount in balsam. 

LEECH 



■e obtained from fresh-water pools, streams, and marshes, 
but to get sufficient numbers for class use it is usually necessai^' to 
purchase them from dealers. Live leeches intended for diasectioD 
may be killed with chloroform. Cross-sections prepared in the 
same way as for earthworms are very instructive. 



ARTHROPODS 

For Mounting Small Crustacea seo III, A, chap. xiii. 

To Quiet Small Crustacea for Microscopical Examination (C«le, 
Jiturjial of Applied Microscopy, VI, 2180) place them in a watcli- 
glass containing 2 part* of 1 per cent chloretone and 5 parte of water. 
The same treatment is useful for the larvae of insects. Some, suchas 
the nyniph of the dragon fly, will require more chloretone. 

For Various Dissections and Parts of Insects see II, chap. x. 

For Moimting Insects Entire (b^ettes. mosquitoes, gnats, aphidi, 
larvae, etc.) as microscopic preparations, and for mounting muscle. 
wings, heads, legs, scales, antennae, etc., see chap. xiii. 

Live nymphs of the dragon fly are especially valuable for sliiily 
tmder the compound microscope because they show very ulearfj 
the valvular action of the heart, the tracheal gills and tracheae, ami 
the brain and its relation to the eyes. The heart is located well 
toward the jjosterior end of the abdomen between the main tracheal 
trunks. Cole (Journal of Applied Microscopy, VI, 2274) reroin- 
mends that the animals be anaesthetized by subjecting th( 
1 per cent aqueous solution of chloretone. 
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MOLLUSKS 
Gills of the Fresh-Water Mussel may be fixed 
sublimate (reagent 14, Appendix B) for from 20 to 30 minutes, washed 
out in water and then in dilute alcohol to which tincture of iodine has 
been added. Make cross-eections in paraffin, stain in dilute hema- 
toxylin (reagent 52), and mount in the ordinary way. 

Cross-Sections of the Entire Mussel are valuable to show the 
relations of the gille, Iddneys, and heart. Wedge the valves apart 
slightly and immerse the animal for 24 hours in 1 per cent chromic 
acid (reagent 11). Wash out thoroughly in running wat^r and 
transfer the specimens to 70 per cent alcohol for two or three days or 
until needed. To section, remove iKith valves, place the animal on a 
board, and with a razor cut transverse fwctions, Theee are to be 
examined with the naked eye or with a dieaecting lens. 

To Kill SnoilB in an Expanded Condition, put them into a veseel 
of cold wat«r, then run a layer of hot water on to the surface of 
the cold water. See that the vessel is full of water and cover it 

F'th a glass plate to exclude the air. 
For Lingual Ribbon of the Snail ^ee memorandum 7. p. 100. 

AMPmOXUS 

Specimens must ordinarily be secured from dealers. The animals 
should be stained entire in borax-carmine (reagent 33, Appendix B) 
and sectioned in celloidin. The most instructive sections are rron- 
scctions of a female with well-developc-d gonads and loogttudiDal 
sections of small individuals, Mounts of entire small specimeiiB 
should also be made. 

VERTEBRATA 

For any of the tist^ues of vertebrates which teachers may doiie 
to prepare, ample directions are given in Appeiidix C. 

For DemonstratioQ of Circulation erf Hie Uood in tbe froe, i 
chap. xiv. 



APPENDIX E 

TABLE OF EQOIVALEHT WEIGHTS AND MEASURES 

WEIGEITS, METRIC AND AVOIRDOPOIS 

1 kiIo= 1,000 grama=l liter of water at its majdmum density =2.2 pounds- 
1 grani=l cubic centimeter of water at its manmum density = 15.43 

Eraina= 0.035 ounce. 
1 pound=453, 59 grams. 
1 ouiice-'28. 35 grams. 
1 grain (Troy) = 0. 065 gram. 
1 dram= 1.77 grams. 

WEIGHTS, METRIC AND APOTHECARY'S 

1 kilo = 1,000 grams. 

1 gram = 16,43grftins = 0-032 ounce. 

1 pound =373. 24 grams, 

1 ouncc=31. 10 grams. 

1 dram =3. 89 grams. 

1 scFUple=l. 30 grams. 

1 grain=0. 065 gram. 

MEASURES OF LENGTH, METRIC AND ENGUSH 
1 meter=l,000millimeters=39. 37 inches. 
1 Gentimeter=0. 394 inch. 
1 milliraeter=O.039inch. 
1 yard=0, 914 meter. 
1 foot =30. 48 centimeters. 
1 inch=2. 54 centimeter3=25. 40 millimeters. 

LIQUID MEASURES, METRIC AND AP0THECAK7*S ' 

1 liter = 1,000 cubic centimeters = 2.11 pints. 
1 cubic centimeter=0.034 fluid ounce= 16,23 minims. 
1 gallon3l2Sounce3 = 3.79 1itera. 
1 pint = 16 ounoes= 473. IS cubic centimeters, 
1 fluid ounce=3 fluid drams=29.57 cubic centimeters. 
1 fluid dram =00 minims =3. 70 cubic centimeteiB. 
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THERMOMETERS 

To reduce d^prees Fahrenheit to degrees Centigrade use the formula, 
C«5/9(F— 32). For example, if the number of degrees Fahrenheit is 77, 
then C=5/9 (77—32) =25 d^rees. Or, for instance, to reduce —31 degrees 
Fahrenheit to Centi^ude, C=5/9 (-31-32) = 5/9X -63= -35 degrees. 

To reduce degrees of Centigrade to degrees of Fahrenheit use the formula 
F =9/5 0+32. For example, if the number of d^rees Centigrade is 25, 
then F = (9/5X 25) +32 = 77 degrees. Or, to reduce — 35 degrees Centigrade 
to Fahrenheit, F=(9/5X -35)+32= -31 degrees. 
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Ausrbadi's furhsln nmtliyi. green ■lain. 



Axial lllumlnallon, IM 

Ajtlscyllwlor. 2ni. 

Alls of kms. prlndpal. 177; SBCundsry. 



BaclUiw, lir>; aoroconi* rapaulatus. IIB; 
or anthrax, II&. IIH; «( bubonic pluue 
118; of cbanrruld. I IS: coll cominank, 
IIH; dlphlbHlae. 110. IIH; of dvam- 

Mrjf, 119; of ilandora. IIS; (rflnUi 

118: of mBllBiiantedima, IIH: rai 



;' of lypbolii. 
Bactoria: coverflaas priTparatlons ttt. 
113; taatUTM to be oIwwhI In ttiidy. 
InK. llA; Oram'* meihixl uf utMnlng- 
114: h a nghM -drop pmparatlona 3, 
112. IIS: (b ttnuM. 113. 114. maufial 
(or dMnofutrailng. iiS; meihylni Mii* 
■lain fur, 114; miiuallM 
miidla. 113; nuiunUiw 
media. 113; atatnlM an 
nlm^ 112; itpuns. lift. I 
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B»c1«ri&l e; 



^'f^'?« 



. dins ol, 58; reraovlng 
exuded. S7: lylol-. 12. 
Bardeen. l^e. IS^ treeilDB nUcrutome, 08. 
BukcT. 101, IG3, 263. 367. 
BuophU gnnulea, 240. 
Beevlea. to mount w opaque oblecu, 96. 
115. 



Brain cell*. ZSl: wod. 261. 

Brittle objHTU: colloldin uid L 

metiiod /or, Sf : puklBii-nibbcr ni 

Braacbl. 2M, 

Broolu. 265. 

BtohhIsd movement. 189. 

Bryozo*. 309. 



144. 145. 

BenzBld^cd 

wliole obje 



I 



for clearing and 



Bersamot oil. 21. \&3. 

Berlin blue. 84. 

Bethe'sfluM, IM. 

Bibliography. 276. 

Blchloiidf or mprcury, 206, 

Bkhromaio of potassium. l._ 

Ing fluid. tST; In vaMoiia Dxing mliiureK. 

209. 210. 
Binocular loop. Hardy. ISO. 
Binocular roagnlOor. ISO. 
Binocular microacope. 18H. 
Blamarck brown, 20. 146. 110. 
Blark pins In iMtlonB. S7. 
Bladder. 257. 

BlaModerm: or chick, 124; or rbb. 13Q, HI. 
Bleaching. 24. 44. 
Bleu do Lyon. 20. 22T, 
Blocks for mounting c«lluldlii. 03. 
Blood, 10^.11; and blood-forming organs, 



Cajal'a method ror neuro-flbrtl*. 75. 

CalciacaUon. tea, tor. 147. 

Oaiibratlon of micnwcoiw. 1S9. 

Calkins. 203. 

Calloja'a staining fluid. >M. 

Camera luclda, 189. 190: Abbe, Q 

Wollsaton, 190. 
Cannulas, glass, 00. 
CapUlaiiea and small veneli, 241. 
CapUlarica. Golgi method for. 7J. 
Oarbol'fuclisin tor bact«ria, I 



240: 



of. 



_.., corpuacles. living, 105; 
IB pniiiaratlon. 100. 240; crya- 
wu, iiw, 106; cuirenti, to obserre, 
100; dry preparations of, 100; effecta 



sanun, 237; serum, Loeffler'a. 117; 

to study In sections, 110; tests for. 

106; Wright's stain for. 110. 
Blotting-paper method ot reconstruction. 

1S7, 
Blue color, to restore In InJecHid tissues. DO. 
Bone; carpusides. 242; decaldlylng. 81. 

343; devel<»imenl ot. 243: llbOTS ot 

Sbaipey. 243; grludlnR, 82; Haversian 

canftls and lamellae. 245; IsolaUon ut 

corpuscles, 245: sectioning, 81 : stains 

ror developing, 220. 
Books on micro-technique, 270. 
Borai-omilne. Granacher's. 110. 
Borax-ferricyanide. 14B. 
Bordeaux red. 147. 111. 
Born, 154. 
Bouin's picro-tonnui Dxing fluid, 

fliing with. 2"- -— ■ --'- — 

Boverl. 30. 208 



n cytology, 130. 



Llll^ ol! t 



Carbon dloaide; for 
oetlmate miQul« guai 
Carborundum points. 1 
Carcheslum. 250, 261. 
Cards, record, 5. 
Carmalum. Mayer's. II 
Carmine, 20; Beale'a. Ml; liorai-. IMr 
""' piCTic^ *i!3i '"** IndMto- 



; picro-. Ill; acbneldsr't 



carmine. 1 

acid. 111. 
Carooy. flilng fluids. 103. lOT; Lebrun 

Hilng fluids. ISB, 101. 
Carrel, 138, 
Cartilage. 243; capsule ot 243: nat- 

nective tissue and dastic flbers In. MSi 

elastic, 243: ^ycoKBn In. 243; '~-«^— 

243: white fibro-. 343. 
Cassia oil. 22. 

Caustic potash, cautUc soda. 26. I 
Codarwood oil, 3 
Celloldln. II, 2 



., 134: 



from 



Celloldln a 

63. 
CeUoidln method. 26. GS: cleart 

In the block, 04; Gliaon's i 

in cytology. 151: lenjttti ot U 
Colloid in-p*ra(Bii method tor 

objects, 64. 

dissection ot living. 153: 



stain, 147. 



g, 93. 101; deep. 101. 



>r corrosion preparaUons. 01; 



*1 nervous syttem. 351. 
OBomo. 140. 147. 
lelliu' cortex. ZGl. 
ral cortex, 351. 
Eilnous glands. 247. 



Told. barllliu of. IIS. 

: erobryoloRy of. 13.1-26^ 

Drior end or young, 130; 



r>. ■piriUuni of. 1 18. 
lid, 240; plexus. 2o2. 



1; decslclTjiiig QjM, 



mlc aldehyde, 2J. 
Ins mixture. 3" ; microacope li 
; ror celloldin, 03, 



ConkllD. I2fi, 139. 

Connoccive tissues, 242-4,1 

ContRkctUe >niiiial!i killing, tU, 'MT. 

Convex or converging lem, 176. 

Cooler [or pars.niD mlcrotaMe. 47. 

Cooling tiesuea. 153. ,- 

Coplln Blaiaing ]*M, 4. 

Copper rbrome-faeniBtDXylln oiethod tor 

mltochondrlB, 14S. 
CoregoDua, 141.. 

Curuck. 240; aUver-nltrkteDieChod tor. 74, 
<^mn&l corpuacloe and nerves, 249. 
Corneal spftcea And canklimll. 249. 

CorrsctloQ collar, IBl, 

Corrosion ot Injected veBseli. 3S. 9U, 01. 

Corro^ve subllin»M!, S, a, 17. 18, 20. 28. 
209, 111; handling, 0: In various 
Kxlog fluids, 20S, 20B. 313: wishing 



:. 100. 



(.28. 



Cover-Rlui 
of. l5l, 1 



standard. 11 



Cowdrj. 143. US. 

Cia modlDcatlon of the Golgl method, 73. 

CrayOsh, mltosU In testis of. 140. 

Creosote. 22. 

Croscenw of G 

Crooked paratlln ribbons. 45. 

Crown glass, 183, 

Crumbling of objerts or tlsnini, 43; In 

paraBln. 45. 47. 
Crustacea; small. 90; to quiet, 273, 
CryiMl violet. 144, 
Culture slide, 115. 
Curam, 109. 
Cyanln. Ul; and erytbrosln for spcrma- 



ng' 2l' ' 


■ 


Cylindrical end bulbs. 252. 


age: In Ihing material. 130; aulrii 


CysUcorcl, to And. 287, 


jaratlon of s 


ages In teieoats. 130. 




Dg or paraffln secUons to the kmte. 




Is, 254. 




Damar. gum, 22. 


all. 22: in 


minute dlsseirtlons. SO, 








lUl, 20; alu 


m. •, 218; and Lyons 


Daniel, 131, 








1^ of, 247. 




Oayllte glass. 1D2, 


Iterates. 2tM 


265. 





208, 200. 371 , 272. 276, 
colls ot sponges. 204. 
lion, 23; Instead ut celloldln, 
xam. 3S7. 
ound microscope, manlpuUi 



DoTjUclBotloa. 25: fluid* for. (, US. 11 

DecolorizBllon, 24, 

Deliydratlon, IS. 

Delicate tissues, 42; paraSIn metlunl fi 

63. 
Demilunes of Heldenhaln. 245. 
Demonslratlon microscope. lOZ. 
Demonnratlon ocular. 102. 
D«lllcklatloD, 2fi. 
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I>cvc<lupliig Imnr. ti> dain. 
niKp«l«la, I OS. 
DlKphngm. Id:!. 
Dldlnlum. 301. 
Dimu«Ia. 250. 
DbetBtJvi' orvuis. 245; hit 

its. 
nUutloD. rulH lor, '. I;]. 
DIplilliHrU. lie. 118. 
Dlplocon-I. 115. 

s iDtn ivlluluii 



PniDgiU 



Dlplo™- 

DIppldt! tube. 101. 
Dtacold»l ck»vwc. 120. 
Dl^HndoD, tsa. 
Dinecl.lna Inatruineiitd, I. 
DlMOCLion of living mlli. 153: of tiiikU 
embr^ra. 134. 



■ (or, 

Ooeiel'a nu^ylen blue meUiod. 330. 

Double iMinlQg. 10. 50. 

DraolnB. ISO: tor pnbllcstloD. \W: In 
cytology. 166; In embryology. 165: 
In hUtology. J«a: In apeidal conraoa. 
164: niM^Kla. 150: meUUKte. 159; uw 
of c*in«n lucbU In. IflS, ISB; use of 
colored crmyons In. 166: t»blo for 
recoiulructloa work, 16T. 

Drkwingi: amngommt o(. 163: UTUige- 
ineot o(. for reduction, 172: comblna- 
ttop, 170: lUng pendl, 162; for tulf- 
lone reproduction. 170; tor pubUcation. 
167; (orroprodoctlonlncolor. 170, 171; 
Ink, ISl: labeling, 164; letMrlne tor 
publbatiOQ. 161. 172; pencil, 161: 
reduction of, 16S; raproduclion of. by 
line proeem. 188; reproduction of 
pencil, 171: reproduction ol WMb. 170; 



wfc»h, 162 



Drop method. IB. 153. 

Dropping bottle. S8. 

Dry an«« under One cover-glass. 57 

Dry mounts, 09. 

DucU, Golgl method for, 7IS. 

Duodenum. 249. 

Duvftl, 130. 

Dyscnuiry. bacillus or. IIH. 

E&r: cttenial, 247; middle, 247. 
Earthworm. 380; kkohal method for 
270; chromlc-Bclil method " 



corpuscles of. 272: to 
In Uolkte Betko ot, 272. 
Enu do Jkvelle. 2fi, 
Ei^hlnodernu. krtJtlclal 




[. 31, 32. 
Ji. 193. 

Embryola«lc»] metbodx. 110. 

Emhryolosr : unphlblB, 1 19-21 : dikk. 
123-26. )2S: lrc«. 119: moUM. IW, 
131: pig, 133: rsbblt. 131, 1S2: M. 
131, 133; WleoM*. 128, ■30. 

Embryonic shield. 12S, 129. 

Embryonic tissues, cultivktion ot. lOnomt. 
137. 

Embryos: dlmeclion of sm>J], 134: nrly 
stages lA muummliui, 131; hunw. 
134; Injection ot. 6S. SO' nurUu 
mnterior end ot young chldt. IKl: 
meaauriog length of. 12»: older Mans 
ot mammallkn, 133; whole mounu sad 
sectiatis of teleoM. 138. 

Encircling flben. 344. 

Endothelial cells, 34ft. 

Endothelium of blood vmeK. HI. 

Eooin. 10. 20. 50. 224. 

EodDophil granules, 240. 

Epldn'mls. under-su/face view of. 364. 

EjMdldymus. 254. 

Epistylls. 201. 

Epithelial tissues. 24S. 249. 

E|>ttheltum: dlialed. 248; cUlaUd colnnt- 
""^ iluranar and ^Midultr. 



349: strallfled. 349: 

siuunai, z«9. 
Erilchl's fluid, 110. 
Erythrocytes. 111. 
Erythrotiu. SO, 324. 
Esophagus, 246. 
Ether: and alcohol. 8. til: tor t 

89.70. 
Euglena. 31 
Euparal as a mounUna and I 

medium, 22, M. 153. 
KiLitachlan tube. 247. 

E vBporalion from ct 

Eyrli^bymer's clearer. 03: methods et 

orienUng ob)e<-t» ' " — """' 

Kye. 240. 
Eyelid. 240. 
Eyepiece. 
Eye- Point. 

Fading ol 

Fabrenbelt to Centigrade, t 

Fallopian tube. 354. 

Pat; cells. 244; lutestlnal abmrpticia ot, 

246; tesls for, 147: — — 

tlssuw, I4S. 
Pnnindation. arciflcial. 136. 
Peiivetrated membrane. 344. 




IB. 13-t. 

JLT roruiflctlve tissue. 244. 

. Blaiaed preparation uf. 105. 

on. 10. 30: by Injoctlon, 30. 

; and hanleniDg asents. 20T-IB. 

;: gonenl niivs for, 27; tUsuea ri 

tbo trteilng meUiod,_7"- — '-" - -'" 



Ijertnlnul layers. 132. 
<}pnn-rtng. 128. 129. 
tillson's llxlDg Quid. >llj use In oyUilogy, 



28; with Bouin'n 



, 20: 



i, kllliDg bnd moUDling, 07. 100, 



100. 



conJugBla. 178. 
e psijillao. 247. 
and acrotiell. 
rograpby. ISO. 
pa. I. 

liia. t, 214 
«n aeclIoEU. 

tUTES. Hi, 

Ic glycerin. 1 



Bxiag with. 20^ lor 
30; in various fixing 
til; protecting ttiu 



isnd lectionlng. 33. 

Ing iMachment tor eUier, OU. 

Ing methud. BT; tor lliiod tissueft. 

tor tretii tissues, 00: tor obiecU 
ihol Injunw. 70. 

tissum, 26; lecUonlng by tbo 
ling method. U9; Btainlng. 146. 
!e objecu. sectioning. 43, 44, 03. 

embryoa: flilng. staining, sud 
iuitlng. 110-21: section method lor. 
; whole mounts ot. 122. 
n sections. alDiing. 70. 
iId: acid. 20, 114: and methyl-grren 
in, 114: and pIcHc acid at^. 114: 
Ic. 224; other combinations with, 
. 144.- 2ID. 222. 223. 224. 234. 

Pt's method tor tubercle bacilli. 117. 
28. 110. 147. 1S7. 218. 378: congo- 
cerln, BO; tonnaldehydo dlssodalor. 
.1 stain for glycogen. 148, 
iladder. 24n. 
lucl. 248. 

lion canallculi, 2o2. 
lion ctdls. 2.'i2. 
Ic glands. 246. 

Id capsules for nniiill olilucts, ;<l. 
In injection mass. 83; to knip. UO. 
In method. Allen's. 122. 
Inous coats ot eggs. Mi rtmove. 131. 
an violet. 20. Ill, lit. 



70. 



118. 



OlasB. marking. 1. 38. 
Glycprin, 21, .ifi; mounting In, HM, 04. 
(Hycorin jelly, 21. ■■: mounting In. M», 
(ilycogen. l«8t (or. 148. 
Gnat, to kill and mount.' 08. 
Goblet uriis. 24G, 

Oold chloride 225: method tor nerve 
endings. It. 



it preparations m. 7. 



cylinders. 4. 
Gram's method. 114. Ill, 118. 
tinun's solution. 111, 11>. _ 
Grandry'B corpusclen. 252, 



Uregaiina, 301. 

Urenacher's borat-carmluE, siD. 

Griggs, 68. 

OnUd, 78. 
Guncotton, 33. 

Hair, 266; development of, 257; elements 
of. 257; follicle. 357-, renewal ot. 2S7. 

Halt-tones: from drawlnga, 170, 171; 
from pholograplis. 170. 

Bancc, 40, 5S. 

Hanging-drop preparations. IIS. 

Hard objects. 81-S2. 

Hardening, 16. 17. 

Hardor's glands. 249. 

HardPSty. 44, 73. 74. 1J2, 276. 

Harrison, 138. 

Head ot fly. to mount. 98. 

Heart. 242; v»lves of, 242. 

Heart-beat ot Insect, to see. 272 

Holdenhalo's Iron-bematoiylln. 10, 51. 

Hollotype method ot raproduclug draw- 
ings. 171. 

Belly's fluid. 109. 

Hemateln. 30; mucl-. 111. 

Heraaioldln cryalals. 100. 



L 



ufd. Ill; Heideo- 

precise sulnfag 

ripening. B. ZO, 



Hemolymph gluid. 212. 

Hepfttic Interlobular conneoiive tinup, 246. 

Hepatic lobules. 246. 
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Hollow ore&iu. 30. 
UoliiiKreD's caoals, 1S3. 
Homogeneous ImmeraloD objerttve. 163 
Hones. 13. 

Hubbert. G8. 

HubflT. 6S, 76, 133. 155. 

Hiunsji embryos. 134. 

Huygcnlan ocular. 180. 

Hydra, 264: kflUog and mounting, 

sectioning, 2SS; staining and moun" 

2«6; staining neroatoc] — ' 

to discbargo nematocysu 

seciira sparmaries sod oi 
Hydrofluoric ftdd. 25. 
Hydroioa, 266. 
HypophyBls. 362. 



ot 

Imbedding. 22: In cellokllD. 59: In gum 
and s)Tup, ST: la paraffln. 36. 

IniprKgnallon motboda, 21. 
n of hen's egg. 123. 
It Bulds, 26, 2311. 

Indulln. 210. 

Indullnophll granules. 210, 

Id nitration methods. 23. 

Influnmatlon, 100. 

Induenxa, badllus of, 118, 

Infusoria, 260: (eading, 262; marru- 
and micro-nucleus ot. 263: quieting, 
262: HtHlnli^, 263: to see dUa of, 263. 

Injecting animate far preservation, 31. 

Inieclion : by contliiuous alr-proKure, S6 : 
1^ syringe. M. UO: double, ST: tbrough 
fwnoral artery, BO: triple, 87. 

Injection mass. S3: blue, S3: cold fluid 
gelatin. BO: (or gross anatomy, 92; 
red, 83: CO keep. DO: yellow. B3. 

Injection methods. 26, 83-02; Locy's air 



nethod, a 



nk: diamond. 5S: tor gjan. 68. 
Insect larvae, quieting aquatic. 171, 
Tmecls: deUcate, 00: having bald Mk 
ftO: lo mount, BO: trsnspannt ud ton, 
00. 

itercellular bridges. 248. 
Intercolaled disks In heart muKle. Vi- 
nterpretaUoD of prepared mattrial. If- 
nleetinal absorption of tat. 340. 
nlesdne. large. 246: small. 240. 
iira-ciiom staining, 146. 
dine tor removing corroalre suMlnHf . 
28. 
ris. 210. 

-hematoxylin: Heldenhaln's, it: 
itbod, SI: use In cylology. 138. 



Ion method, 15. •!&, 77. 248. 

lamming ot paratBn sections. 45. 

green. Ml, 146. 
leUy of Wharton. 214. 



i 



and medulla of, 258: epIthBltaim el 
iirlnlteroiu tubulen. 258; glomeniltu 
and Its capsule. 258: InjecUOD of, BT: 
Isolation ot urinlterous tubulea, 35S; 
medullar}' rays ot, 258: nervm of. SSS. 

ElUlng. 10; general rules tor. 27. 

Klncald, 32. 

Klrkham, 131. 

Kleliienberg's pliro-sulpburlc. 117. 

Knowor'B Injection method. 86. 
i-Ehrlidi gcmllau violet. ItC. 

Untold, 250. 

Kombausa'. 64. 




LeD9«s. 179: doubteta, ISO: tripleu. 180. 

Leprosy. bacUltia of. 117, 

L^loUirtx. US. 

Lcucncyiea. Ill, 24 1 , uxtebold niore- 

In. 110: mrinophyUc, III: 

" 240.241: 






<^. 






'ffi' 



feedlns. 110: gruiulM 
kinds of. Ill: Ivge mononu 
polynuclpw □eulropfajrlk'. HI 

Lewis. 138. 146. 157. 

Ucbtcrttti. MT. 

Llsvnenl. 244. 

LiBUDentiun nuclMa. 344. 

LUibl for mlcTiHcopira] work, 1U3. 

Liehi green. 20. MT. 

Line-jiroceas. 168. 

Lliulafiit. OS. 

Lip. 240. 

IJthi)ffr«.pbj?. 17 1 

LltUp. 2)tS. 

Llm- fluke. 100: Injecting. 207. 

Uver. Injoctloa of. 87. 

Living cells, lo snidy Id Ajnbyslomft 

Living Umie. statnlnB. 140. 

Locke's aoluUoD. IIT. 

Lo<.i'» Injection motbods. 01. 

Loelller's •Ikklliie methylea blue. 



, 111: 



lit; 



blood-*erum. 
Long. 130. 131. 
Lufiol's aoluUoD. tU, t%1. 
Lung. 25Q: blood V Mc l s of. 250; elutlc 

iluue of Klveoll, 350: eMIhelluin oT. 

2Se: teul. 366: Injection of. B7. SI. 
Lymph opUlule*, 242. 
Lympb glands. 241, 
Lymphktlci, Injection of, ss. 
Lympbocytn. m. 
Lyons blue. 10, SO. 327. 

UacCallum's macerating fluid, g. 77, ■». 
MfClendon. 14. 

McCluog. 1. 14, 18, 22, 31, 40, Mil, 153. 
Macvnled Umie. axalk>n of. 80. 
Macerating fluids. MT, Iff, 
MBCeraUoD. 16. 25, 77, 7S 
Magenta 8, 234. 
Magnifying power. 197. 
Malvial paraali«, 1 1 1 . 24 1 
Mallory and Wright. 3TS. 
MalloT)''' triple eonneclJve-tlame italu, 
lit. 



ark. 130. 131. 158. 
MaiTow. red. 241. 
Mut, 2QI. 
Masi-celli. Ill, 341. 
Maturation In mammals,. 
&Iayer, 30. 

Mwbanlcal stage, 1P7. 
Medulla oblongai*, aS2. 
Medullary sheath. 333. 
Medullated fl 
Medullated nervn Sbor. 2: 
Medusae, 360. 
Medusold fonas. 305, 200. 
Meisner's corpusriea, US. 
Membrane of Descemet, 250. 
Membranes, dlrer-nlcrale meUu 
Mercuric crysIaU, to ranove. 3£ 
MesotbeUal cells. 348. 
MetagelaUn. 00. 
Metalll(> Bubstancra for mlar <t 

tlon, 20, 31, 71. 
.Melal L's for Imbedding, 45. 
Metbods. general statemenl of. 15. 
Methylated splnu. i 
Methy ton blue. 20, ni; tor bactvla, 1 



llB: fur 
tor infro-ni 

cells. 330: 1 

tions. 238, 230: tor non-alrialcd muMle. 
330: for ordinary sections, 330; Immet^ 
Hton metbods wltb. 239: Loenrr's 
alkaline, 110; polycbromatlc, 338. 

Methyl gre«n. 20. 146, 147, Ml. 

Methyl violet, 20. Ml. 

MierocbmOcal te«U. 30. 

Mkrococct, US. 

Mlcrococcua («trageneus. 118. 

MlcnMUs»FtloDs. 134, 136. 

Mlcro-lnjecllon methods. 88. 89. 

MtcromeiflT. 197: ocular, 108: screw. 
190: stagD, IB7: step. 109. 



with parts named. 181. 182: demon- 
(tratlon, 103; dlsMCIIng. 188, 103, 104. 
190: manipulation of compound. 303; 
optical princlpleg of the, li5: path of 
light rays through the compound. IS4; 
principle ot compour-" ■""" •"'- 
prlnelplii of the almp 
sectional view of, 182. 



Mall's dUTenintlal method for reikulum, "','3?*^?™' "P"**"'*""' 



Mammal, ctagca of maturation, r«nlUia' 
lion, and segmentation In, 130. 

Mammary gland. 2S7. 

Manipulation of the compound mlcro- 
•cope. 203. 

Mann. 270. 

Manufacturers, 4, 



coplcal material for general loOlogy, 



MlcroUmie, 4; automstte wlloldln. SO: 
Bardem (reeling. 08: Mtnot automatic 
rolary. 39: olBng the, 43; Spencer 
rotary. 39; well. 35. 

Microtome knife, sharpening the, 43. 
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Milk, 3B7, 

Milky ur haiy «»lnltig, :^T. 
Mlllw, 134. 
Mlnol. t2N, IM. 221. 
MlnuM dli>wK-Uons, TH: use of cl 
In. 80, 

Mlimr. ion. 

MitM. M. 

MlUiohondrla. 143. US; BDndk'a i 
for. 144: Bmiloy'i mothodB lo: 
.^i. .. ..... .,. n„, |„ 






I living I 



niltUFM, 140. 
MlUMb: In AwuU. 130; in ntlls of 
Ambyilonu, 142. 143; in <«bb of white 
tub. 141 ; In KruwIlnppHrg. 140: Id 
umUt of cnyflib. 1*6, In loaUs of 
NKtunu, 141; in»UTl»l tor cloroonstret- 



o km uid luiiuui. es. 
MounUug. S3: Runorkl arheniti ot,- 20: 

objuelfl ot ■muntl Inuinist. 93. 
Muunw. tompoTBry, 3fi. 
Moluo. UM In omliryokiKr, I3il. 
Minith. upllb»lluin ol. 24fi. 
Mi>uth-p»ru ot liwKU, to mount, ho. 
Muol-Mcmlno. Mkynr'a. Ml. 
Miin-I)«in>tvlii, Mayiv's, 111. 
Muuln. 931. 333. 340; ■I«ins for. 148. 331. 
Mucoid cniinnrUrD tIniiD. 344. 
MUllur* fluid, 110. 
MulUplo. ■MlnlriK. 31. 
Muime voUuuiWa. 1U3. 
MUHClv: »n«B ot Coohclm. 390; branctiMl 

■Uiatod flbtts, 3S0: cuillftc. 250: imds 



HBHHi uutn, sou; caniuK. iov: iM 

- ■uHftUfd nbora, 3no: (ibrUiw ... 
■Wlklal, Ml: niuHciUktod. 2&1: ul 
InwMM. 07: PuriilD)!- dbon, ui: hus 

CDlomma of. Slil; itrUUKt. 2fil, tn 

Umdon. 960. 
MUMslv-filMT*, laolaUon ot. TO. 
Muwulu- UwtM, 3B0, aai. 
MiUMlt lilMLrtnK »nUn. 1U4: itu«- 

•mtlon ol Kill, a'3. 
Myolln, 3S3. 
MyoIciayMa, 111. 

N»ll, MT. 

NkphUiul. kiptia. 14M. 

NaphUiylUiiln yolla*. 340. 

Nam<Uc« tn killiiiH. lo 

Nn'MiruB. mlttwln In h^tli of. 141. 
Nclawr'* moUtod (ur illkSno&InK rtlpti- 



it allmmtary canal. 340; 



^t ' for. 70 

^H Norv»4l 




mnlutlated, 3M: 



modullated, 253; *UIn for 

230. 

N«rvo-UMue. staining in nMo, 104. 
Nervooa CTstem. 3,^1-54; of iturct. 10 

mount, 79. 
NBUToHbrils, Cajal's mntbod for, 75.^^^ 
Neuroglia. 253. ^^H 

NeurokeraUn. 2S3. ^^^| 

Neutral rea. HI. ^^H 

Neutrophil granulea, 341. ^^^H 

NlgrodD, 20. ^^^ 

NIsbI'b sTBDUlos. I4S. 230. 2S3. 
Nlml'e raethud of Btalnlne Inuophfl 

milwUnce In nerve >^lls. 230. 
Nluic acid, 17. 26: dacaldtylng I 

Nodes of Ranlor, 353. 
Normal fluids, 26. 230. 
Normal ullne. 8. 26, IIT. 
Noee. 264. 



.•«P 



ISO; 

Oculars, rating of. 

Oltaclory cells. 354; 

Oagt>i)csli. 354. 

Opallna. 361. 

Opaque mounU. US. 

OpUcal centor of a lens. 176. 

Orange G, 10, 20, .S2. HI. 

Orcein, Ml. 

Organs varying In dcnislty. 70. 

Orientation ot objeot* In the In 

Orienting torial septlons. 130. 
Origanum, oil ot, 23, 03, 
Ortb's litlilum carmlnn. tl4. 



procoasffiOf.IM. 



Norve-abcr bundliis. 2fi:i. 




Paracarmlne. M&yer's, 111. 
Paraffin. 11, 23; b&tlis. 11, 12. 14. M; 
ribbon rtiTier. 40: to cle&n. 42. 

Par&ffln methoil. 3Q. 30; campared >ritli 
ceUoldln msthod. 63: dlfflcidUeg llkaly 
lo be encounlsrod In. 46; (or delicsi* 
oljjpcu. sa. 

PariitBn-rubbBr melhixl ot Johnsoti, 43. 

Ponflln sections: of largo objects. 44: 
BtnlnlDH and mounting, 48, 



Partoc 



, 200. 



Pu-otld gluid, 3 
Patbogenlc bad 
Pallon, 137. 
Pewl. 214, 



Pedwla, ISO, 
PeilicellBiia. 260. 

PcneiratlDa, 200. 

Peter. 157. 
Pejfer's patchmi. 246. 
PflUger'a egg-tubes. 2.'>5. 
Phloroglucln mecbod of dooalciflcatlon 
Pbologrtplifng cellular h 
Pbotographn, reproduction of. 
Photomicrography, 150, 200. 
1, mltoali In egg of, 141 



Protoioa, 2G0-63 : permane 

Purklnjo colla, 253. 
Purklnje flbeni, 242. 2G1. 
PyridlDB-sllver meCbod. 75. 
Pjrogallol, 233. 
Pymllgneaiu add, 2.'i3, 
PjTosytln. 23. 



Rabbit, ambry ology ot. 131-33, 

Rabl's plcro-aubllmatu, ItT. 

Radula of snail, 100. • 

Ranaon, 75. 

RanvlDr'fl on^thb-d alenhol, 238. 

Rat, (imbrvolugy ot. 131. 133. 

Ratb'a ptcro^ublbnale. )1T. 

Ray ot light. 175, 

Raiur. section, l, 33. 

Reagenla, pretiaratlou of, 7. 

Reconstruction: blotttna paper, 1G7: 

geometrical, 166; practlcaT excTdse In. 

156; roconatructlon metbods, 154-68; 

use ot photography In. 157: wax. 164. 167. 
Record cards. 5. 
Rectified eplrlt«, 13. 
Reduction, teat tor |ntrB-cellu]ar, 14S: ot 



c acid. 



I. Ill; 



i-alcltylng fluid, lit; 
>l, lit, 
■IS; formalin. (, 'i 






Planarla: kUilng anil mounting. 07: 

kill witb pharynx protruded, 266. 
Plankton. 283. 
Plaamoaomea. alalna for. 149. 
FlalelrU, bluod-. 105, III. 
Plating celloldin lectlona. 66. 
PlaUno-acelo-onnli: mlxturi-. 117. 
Plumatelta. 260. 



Point 



■. 192. 



Polar bodle«. 131, 135. 13ri. 
Polarbieope. 200. 
Polypoid tonus, 266, 
Putaab clearing method, 103. 
Preservatlon.lD. 30,31: inparaffln.S 
Prtckle-celb of skin, 257. 

Protoplasmic ciirreuts. lo demons 



Retei 



Rolac 



s, 278, 



B merits of paraffin ai 



lot c< 



eilng, 87, 70. 



Remak's flbers. 3S3, 

Reproductive organs, 264-55. 

Renolvlng power. 201. 

Rceorcln-tucluln. 114. 

Respiratory organs. 258. 

Reticular connective Uaaue. 344. 

RetlciUura, Mall's inctbod tor. 79. 

Retina. 250. 

Rhigolene. tot 

Rice. 167 

Riddle. 147 

Ringer's soiuiion. IIT. 

Ripart and Petit, titiuid ot. 111. 

Robertson. 140. 

KoUlng of paramn BOCtlons. 4U. 

Rob board. ISS. 

Ratlt«n, 289. 

Rubbbig eections off the alJde. to 



.,, _t tbo Spalt«- ' 

holz method, 102. 
^atranlD. 20. 11*: and gentian violet. 142, 

■It; -geatlan^range preparatloos. 142; 

tue In cytology, 139. 142. 
3alli-ary glands: granulei of. 246; ot 



L 




I 

I 

I 

I 



Animal Microtogy 



Scalpel. 1. 

SesmmoQ, 58. 156. 

SciivlMh R. Ml; suUn tor ttt. 148. 

Scbule. ua. 

Scbulue's lodLwd aeruin. UT. 

Scimm. itlaectln^, 1. 

Sclen. 2S0. 

Scrkplng of microtoinv knife. 40. 

SCTSKhes KToss pv*jno sections, 46. 

SCTStcbliiB Dolae of microuinie knile, 4a 

Smllng botlles. pu.. 31. 

BtSKlins cover-glaawfl. »5. 

Sebiceous gluids. 3S'. 

Secretliin ■al«Tedenu. 149. 

Sectlon meiliodB. IS. 26, 



Sections: oAiing. 23; outUng celloldin, 
00: cutliDg troMD. 68^ FuttJog pv^Oln. 
3B: Boodlng sftfa tlip dye, 5S: Iree- 



iIm, 265. 
SiTlal tertloDB, orienting, 120. 
SeK-chromosDmes, 151. 
ahadlnx drawings, ISl. IQO. 
Shsdowi, in drawing. lOZ, 
abeot mecliod tor r«lloldln sectlona, 05, 
SheUac tor cetl-maldng, 101, 
Sbop skeleton letters tur hand Isbrllng. IM. 
aiedentopf, 202, 

Slhler's hemotoxylln metliod. 104. 
Silver nitrate, tl*; metlitKla. T4. 
Skin and its apjiendign, 3S0-5T: blood 

veuels at. 2CT. 
Slide, box. 1; marking, l. 58: itandard, 1. 
small inleatlne. epithelium of. Z4G. 
Small oblects. tnuKifeninc. 30, 
Small pieces, sectioDlng free-hand, 34, 
Smear prepar«tknui: bactvria. 113: blood. 

100: to ghow mltosii In. 141. 



110. 



Snail*, Cu kill expanded. 373. 

Sobotta, 131, 

Sodium-chloride dlssociator, l». 

Solutions, rulu regarding. 5. 

Spaeth, 130. 

SpalteliolK method of clearing total 



Spectrum: secondary. 



iL 




Spinal cord. 2S». 

Spinal gan^la. 364. 

Splndlea. 140. 149. 

Spirillum. US: of Adalic cholera. II 

Spleot, 241: blood vrmeU of, U2. 

SpUtilag o( panlBn aectiooi. 46. 

Spouses, 204. 

Spores of bacteria, naloiag. I is, 

Sporoioa, 201. 

Spumm, to examine tor lubenle btwilll. 

IIT. 
Staining, It): and mminUns partAn 

■ecUon*. 48: caiuea of talhire In. 50. 67. 

opiloidtn lecdDn*. In Hematoxylin and 

eoain. 61; fai bulk. £2; pro«re«iIrv. 34: 

Slahu. 218-30: cIbhdc of. 80; renrarlNC. 



Buniua. lis, 
Starftob, 360. 

Slmtor, 2S0, 

Stepbeneon. 360. 

Sting, to mount, 

8 tipple-board, IBS. 

Stomach. __ _ 

eplthtdlum of. 24S: 
pyloric end -' "*" 



CArdlac eod uT, 



I. 156. 



1. U. 



118. 



. 118: pjf<« 



Strop for microuiaie knile. 44. 

Sublingual glands. 217. 

Submaxillar}' glands. 247. 

Sudan III. »li atatn tor fat. 117. j 

Sulphaiiiarinaie of soda. 144- 

Supplies required, I. 

Supportbig tiasuee. 242, 245. 

Supporting vials. 31. 

Suprarenal glanda, 3SS. 

Sweat glands, 267. 

Sympathetic ganglia. 2M. 

Synovial villi, 345, 

Syphilis, trepaneiua of . 117. 

Tabic. Imbedding-. 13. 



]uiv-a 

Table of timics and orgBiU W 

of preparation, 340-,^, 
Tactile cra^UBclee. 264. 
Tactile menisci, 354. 

Tanrtler, ItO. 
Tapewurma, 100. 207. 
Tap-water for washing sectioi 
fi.-matoij lln. 55. 



^^^^^^^^^^^^^^^^^H ^^^H 


^^^I^^B^^HB^IIIII^^^^^I ^^^h 


Imhx ^^^^ 


Tft9htro'B apparatus [or mvaaiuiiiK carboa- 


I^^H 


dloilde output, 15». 


Urethra. 255. 258. ^^^H 




L'rlnary organs, 267. 2MI. ^^H 


Teasing. 15. 25. 77. 78- 


Uterus. ^^^H 


Telehmion'a cry«i»Ia, 106. 




Teleosw. MtlflclBl tBCUOdalioo In. 135; 


Vagina. ^^H 




Van Beneden. 132. ^^H 


29; to pmorre oggi at. 12U: to aiuUy 
living egga of, 120. 


Van Gehuchten, 218. ^^1 


TalliOBnlcky'8 fluid. 109. 




Tendon. 245: cells, lib. to muscle. 245. 


Variation In tbicknraa of paratKn Motions. ^^H 


Vas deferens. 255, ^^H 


Termliuil bars, 34a. 


Vein, 212. ^^H 








Visual purple. In rods, 250. ^^^H 


TeaU (or cerMin ceUular BlniPtUKa. 147. 


Volvoi. aureus. 261; globator. 201. ^^^H 




Vou Ebner-s decalcifying fluid. 111. ^^H 


Tetanus, baclllua of, IIS, 




Talracoeci. 115. 






Wagner. ^^^1 




^^^^1 




Walker. 83. ST. ^^^H 


Thinnln. IIB. 


Walton. 30. 101. 129. 261. ^^^H 


Thymu. Bland, 241. 2*6. 


Washing. 17: devices, 32. ^^^H 


Thyroid gland, 25a, 


Watcb-glasi. Syracuse, 4. ^^H 


Tigroid granules (subntanCB}. 230, 253. 


Water method for afllxlng sections, 23. ^^^1 


Tilt ot microtome knife. 40. 


Wal«r-mil«j. 94. ^^H 


Ttamioa- ctiUivntioQ of removed. 137; 
lenBth of time required for staining, 58: 
whfcb crumble. 43. 


157: methods for rapldb- cutting. 157; ^^H 
preparing tor reconstructions. IS4, \hb. ^^^H 


Tol««in-s solution. IM. 




Toluldln blue. 20. 


Welgeii-Pal stain for medullated nerve ^^| 


Toluol. 22. 


flbers. IK. ^^M 


Tongue. 247; papillae and rolllcull of, 347. 


Welgert's tHirai-teiTicraiiide. 141i elastic ^^^1 


Tonsil. 247. 


tissue stain, 114: method tor bacteria, ^^H 


ot. 247: enamel jirlsinB of. 247; grind- 
ing. 82; ground, 247; odontoHaela, 
2fl: sectioning decaldfled, SI. 






Trachea, 25e. 


While objects, to orient. 42. ^^^H 


Tracheae of insects, Golgl's method tor, 73. 


Whitman, ST, 121. ^^H 


Transparent larvae, 94. 


Whole objects, mounting. 28, 93. 00, 97. ^^H 


Trematodes, 2aa: larval stages ol. 267. 


Wltdman. ^^H 


Trlchlnella. 268: to demonstrate living. 






Wings of Insects, 93. 99. ^^1 


Trypan blue, 148, 






Wood's metal, 01. ^^H 


Tube-leoglh, ISl. 182. 184. 201. 


Worcester's fluid. 114. ^^H 


Tubercle badlll, 117. lis. 


Working distance, 202. ^^H 


Turner, 260. 


Wright, 203. 276: stain tor blood. 110. ^^H 




Wrlnkloa In paraffin secUons, 45, ^^H 


Turntable, 94, 








Typhoid, baclUu. of. 118. 


.Xylol. 22. 38; tor removing paraffin, 55. ^^1 


Lltra-mlcroscopy, 201. 


Zenker's fluid. ■, 3B. 200; Oxltig trilb, 28; ^^H 
formalin miitiu«i, 101, 110. ^^H 


UmblUcuB, 255, 


Zlehl-NeelBon carbot-tuchsln. tIS. ^H 


I'ndar-correctlon, 202. 


Zoology, materials tor a course In general. 




2SB-74, 


lifaa, use In cytology. 152. 


Zslgmondy. 202. 




^^^^^^^^^^^^^^^^^^^^^H 



